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USES OF INHIBITORS FOR THE ACTIVATION OF CXCR4 
RECEPTOR BY SDF-1 IN TREATING RHEUMATOID ARTHRITIS 

?his application is a continuation-in-part application of 
International Application No. PCT/US99/17178 , filed July 29, 
1999, which\:laims priority of U.S. Serial No. 09/127,651, 
10 filed July !M , 1998 the contents of which are hereby 

incorporated bAreference into this application. 

Throughout this application various references are referred 
to within parenthesis. Disclosures of these publications in 
15 their entireties are hereby incorporated by reference into 
this application to more fully describe the state of the art 
to which this invention pertains. 
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y Background of the Invention 

y20 The architecture, cellular composition and state of cellular 
HH activation of the synovial membrane in rheumatoid arthritis 

*" have been well described (Winchester 1995, Barland 1962) but 

p fundamental questions still remain unanswered regarding the 

LJ; precise molecular nature and biologic significance of these 

yft 25 inflammatory changes. The intimal synovial lining layer that 
^ is extensively altered in synovitis synovium through 

hyperplasia and infiltration is formed by the interaction of 
two distinct cell types: intimal synoviocytes derived from the 
f ibroblastoid lineage and intercalated, hemopoiet ically- 
30 derived, monocytoid lineage cells (Norton 1966, Burmester 
1983, Edwards 1997). During histogenesis of the normal joint 
the lining cell apparently provides both guidance clues and 
receptor interactions to the specialized synovial monocytoid 
cells that result in its incorporation into the lining 
35 layer (Winchester 1995). Together, the cells comprising the 
intimal layer carry out a number of functions responsible for 
the integrity and sustenance of the joint. 
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The form and function of the intimal synoviocyte apparently 
distinguishes them from f ibroblastoid cells found deeper in 
the synovium, although relatively little is known about the 



differences between these members of the f ibroblastoid 
lineage (Morales -Ducret 1992). Several genes have been 
identified that are selectively expressed in the normal 
intimal, but not subintimal synoviocytes including vascular 
5 cell adhesion molecule 1 (VCAM-1) (Klareskog 1982) , uridine 
diphosphoglucose dehydrogenase (UDPGD) and decay accelerating 
factor (DAF) (Morales-Ducret 1992) . In chronic synovitis 

immunopathologic studies have shown that the f ibroblastoid 
intimal synoviocytes respond to the events by proliferating 
10 and altering their pattern of gene expression to include 
expression of a variety of molecules that range from MHC 
class II structures, through cytokines to enzymes that 
directly participate in the destructive remodelling of joint 
tissues (Winchester 1995, Trabandt 1990, Firestein 1990, Arend 
15 1990, Koch 1991, Winchester 1981, Werb 1977). In parallel, 

some of the fibroblasts in subintimal locations similarly 
express MHC class II and VCAM-1 (Morales-Ducret 1992 , Winchester 
1981) . However, the performance of more analytic studies of 
synoviocyte cell biology has been constrained because there 
El 2 0 is no basement membrane that delimits intimal synoviocytes 

from the subintimal f ibroblastoid cells in either normal or 
inflamed joint tissues, and the purification and separate 
culture of these two potentially distinct lineages has been 
difficult, if not impossible. 

2 5 

For many years it has been recognized that long term cultures 
of f ibroblastoid cells obtained from synovial tissue of 
individuals with rheumatoid arthritis and marked degrees of 
intimal hyperplasia continue to exhibit several phenotypes 

3 0 that together are characterized by varying degrees of striking 
'stellate' or 'dendritic' morphology, enhanced growth, 
increased glucose consumption, altered adherence behavior, 
constitutive overproduction of metalloproteinases and the 
elaboration of proinflammatory cytokines (Werb 1977, Caster 

35 1977, Bucala 1991, Smith 1971) . The distinctive but not 

entirely uniform phenotype of rheumatoid synoviocytes is not 
found in similarly cultured synoviocytes obtained from 
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osteoarthritis synovia that lack lining cell hyperplasia and 
any inflammatory cell infiltration (Smith 1971) . The 
occurrence of this distinctive phenotype has been shown to be 
characteristic of, but not unique to, cell lines established 
from rheumatoid arthritis synovia, as it is also demonstrable 
in cultures initiated from a number of different entities 
characterized by chronic inflammation, including 
osteoarthritis synovia with considerable degrees of 
inflammation (16) . These cell lines have been used to gain a 
series of interesting insights into the biology of joint 
inflammation (Bucala 1991, Smith 1971, Wynne-Roberts 1972, 
Anastassiades 1978, Ponteziere 1990, Goddard 1990, Winchester 
1993, Kriegsmann 1995), although the origin of the cells in 
culture is somewhat uncertain and at least at the time of 
initiation includes hyperplastic intimal synoviocytes, 
subintimal synoviocytes, other f ibroblastoid cells as well as 
non mesenchymal cells that do not survive after three 
passages. We and others have postulated that the distinctive 
changes in synoviocyte phenotype observed in these cell lines 
mirror certain similar events occurring in the inflamed 
synovium itself (Castor 1977, Bucala 1991, Ritchlin 1989, 
Ritchlin 1994, Lisitsyn 1993). 

Finding additional genes that may be selectively expressed in 
the cultured synoviocyte obtained from inflammatory synovitis 
would likely provide further insight into the origin of the 
synoviocytes comprising the cultures, the biology of the 
intimal synoviocyte and the alterations that this cell and 
other synovial fibroblasts undergo in synovitis. To further 
this gene discovery process, a general approach was adapted 
based on the construction of representational difference 
libraries (Hubank 1994, Sambrook 1989) that had been used to 
clone the differences between two complex genomes. It 
involves a cloning procedure with PCR amplification of cDNA 
to generate simplified representations of the expressed genes 
followed by a modified subtractive step and subsequent 
screening to facilitate the gene identification. 
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By identification of these genes, it is discovered that SDF-1 
are expressed on the synoviocytes which can activate the CXCP4 
receptors on lymphocytes and monocytes, either causing them 
to enter the joint and initiate inflammation through a 
5 chemokine effect, or activate these cells that have entered 
the joint to enhance inflammation. 
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Sumntary of the invention 




This invention provides a method for treating rheumatoid 
arthritis or other forms of inflammatory arthritis which 
5 comprises administering to a subject an amount of an agent 
effective to inhibit the activation of the CXCR4 receptor by 
SDF-1 . 

This invention provides a composition for treating rheumatoid 
10 arthritis comprising an effective amount of an agent capable 
of inhibiting the activation of the CXCR4 receptor by SDF-1 
and a pharmaceutically acceptable carrier. 

±p This invention also provides a method for determining whether 

^Jl5 an agent is capable of inhibiting the activation of a CXCR4 
p receptor by SDF-1 comprising: (a) contacting cells expressing 

the CXCR4 receptor in the presence of SDF-1 with the agent 
m under conditions permitting activation of the CXCR4 receptor 

s by SDF-1 if the agent is absent; and (b) determining whether 

— 20 activation of the CXCR4 receptor by SDF-1 is decreased in the 
p presence of the agent relative to the amount of activation in 

its absence, such a decrease in the amount of activation 
q indicating that the agent is capable of inhibiting the 

activation of the CXCR4 receptor by SDF-1. Finally, this 
2 5 invention provides agents identified by such a method. 
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Brief Description of Ficrures 

Figure 1 Schematic chart for the identification of 

genes overexpressed in rheumatoid arthritis 
synoviocytes . 

Figure 2 Comparison of the amino acid sequence of human 

semaphorin III, IV, V, and mouse semaphorin E 
with \he predicted sequence of human 
semaphoraNn VI. Nucleotide sequence of the cDNA 
fragment of human semaphorin VI was translated 
into an amik) acid sequence, and compared to 
that of the\corresponding region of human 
semaphorin IIlXlV, V and mouse semaphorin E. 
Conserved aminoV acids are indicated with 
boxes. One amino \c id gap introduced in the 
human semaphorin Illy ^nd V to obtain the best 
alignment was marked V X. 

Figure 3 ComparisonXof amino acid sequence of the human 

N-acetylgluc^samine-6-sulf atase and predicted 
amino acid sequence from the C.elegrans cosmid 
K09C4 and the ci>one ts99. Nucleotide sequence 
of the cDNA fragrhent of the clone ts99 was 
translated to an amiNoo acid sequence, and the 
corresponding regiork of the human N- 
acetylglucosamine-6-sulBsatase and C. elegans 

cosmid K0 9C4 were compared. Conserved amino 
acids are marked with boxes 

Figure 4 Representative Northern blot analysis of the 

isolated clones, lug polyA + RNA was used to 
run on a 1% agarose gel. The probe used are 
clone ML2122, clone ML2115, lumican, IGFBP5, 
SDF-l-a, semaphorin VI, collagenase type IV. 
The first lane of each blot is RNA from 
cultured rheumatoid arthritis synoviocytes, 
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and the second lane is RNA from cultured 
osteoarthritis synoviocytes . 

Figure 5 Lineage relationships of cells derived from a 

5 mesenchymal fibroblast precursor. These cell 

give rise to fibroblasts including the intimal 
and subintimal. 

Figure 6 Receptor-mediated homotypic cell-cell 

10 interaction of fibroblast - like intimal 

synoviocytes with each other and their 
heterotypic interaction with monocytoid 
p intimal synoviocytes. The polarized state of 

JM the intimal cells is indicated by their 

y ! 

£3 15 interaction of one surface on the right with 

C3 the subintimal connective tissue matrix and 

j2 on the left with the hyaluronate-rich 

01 synovial fluid. 

O 

W.20 Figure 7 Fibroblast- like intimal synoviocyte exhibiting 

% stellate or OdendriticO morphology, like an 

p astrocyte in culture . 

Figure 8 The third interpretation of the basis of the 

25 distinctive phenotype of cultured rheumatoid 

arthritis synoviocytes. This is the lineage 
model that bases the distinctive phenotype on 
the fact that the starting point of the 
culture differs greatly in the proportion of 
30 intimal and subintimal synoviocytes in 

rheumatoid arthritis and osteoarthritis. This 
model postulates that the intimal and 
subintimal synoviocytes have different 
phenotypes based on their differentiation 
35 lineages and that the difference in the 

phenotype of the cultured cells simply 



reflects the varying starting proportions of 
the two cell types. 

Northern analysis of lumican, IGFBP5, SDF-la, 
semaphorin VI, collagenase type IV and the two 
novel transcripts of yet unidentified genes 
ML2122 and ML2115. 

Directed leukocyte egress. Cytokines act in 
the endothelium and chemokines act in the 
leukocyte to regulate their efflux from blood 
vessels . 

Proposed stages in the development of 
rheumatoid arthritis . 



SDF-1 Sequence 
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Detailed Description of the Invention 

Throughout this application, reference to specific nucleotides 
are to nucleotides present onthe coding strand of the nucleic 



throughout the specification to indicate specific nucleotides: 



This invention provides a method for treating an inflammatory 
arthritis which comprises administering to the subject an 
agent that binds an SDF-1 protein expressed on synoviocytes 
so as to inhibit the interaction of the SDF-1 protein with 
CXCR4 receptors on lymphocytes and monocytes, and thus treat 
inflammatory arthritis . 

This invention provides a method for treating rheumatoid 
arthritis or other forms of inflammatory arthritis which 
comprises administering to a subject suffering from such a 
condition an amount of an agent effective to inhibit the 
activation of a CXCR4 receptor by SDF-1, particulary the human 
CXCR4 receptor. Diseases which represent other forms of 
inflammatory arthritis are known in the art, and include, but 
are not limited to, psoriatic arthritis and inflammatory 
osteoarthritis . 

In an embodiment of the invention, the activation is blocked 
by an agent . 

In a further embodiment, the agent is an oligopeptide or a 
polypeptide. In a further embodiment, the agent is an 
antibody or a portion of an antibody wherein the antibody is 
preferably human, chimeric, or a humanized antibody or portion 
thereof . 

In another embodiment, the agent is a nonpeptidyl agent. In 



acid . 



The following standard abbreviations are used 



C=cytosine 
T=thymidine 



A=adenosine 



G=guanosine 
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a further embodiment, the nonpeptidyl agent is a bicyclam 
such as AMD3100 (Donzella, G.A., et al (1998), AMD3100, a 
small molecule inhibitor of HIV-1 entry via the CXCR4 co- 
receptor, Nature Medicine, 4:72-77). AMD3100 is a bicyclam 
5 derivative and is representative of this class of chemicals. 
See DeVreese, K. et al . , Antiviral Research, 29, 209-219 
(1996) . 

This invention provides a composition for treating rheumatoid 
10 arthritis comprising an effective amounts of an agent capable 
of inhibiting the activation of the CXCR4 receptor by SDF-1 
and a pharmaceutically acceptable carrier. In an embodiment, 
the agent is oligopeptide. In another embodimet, the agent 
is a polypeptide. In a further embodiment, the agent is an 

l[I 15 antibody or a portion of an antibody, wherein the antibody is 

^ a human chimeric or humanized antibody. 

% 4 

5 Pharmaceutically acceptable carriers are well-known to those 

2 skilled in the art and include, but are not limited to, 0.01- 

5 20 0 . 1M and preferably 0.05M phosphate buffer or 0.8% saline. 

Additionally, such pharmaceutically acceptable carriers may 
y3 be aqueous or non-aqueous solutions, suspensions, and 

% emulsions. Examples of non-aqueous solvents are propylene 

glycol, polyethylene glycol, vegetable oils such as olive oil, 
■■'25 and injectable organic esters such as ethyl oleate . Aqueous 
carriers include water, alcoholic/aqueous solutions, emulsions 
or suspensions, saline and buffered media. Parenteral 
vehicles include sodium chloride solution, Ringer's dextrose, 
dextrose and sodium chloride, lactated Ringer's or fixed oils. 
3 0 Intravenous vehicles include fluid and nutrient replenishers , 

electrolyte replenishers such as those based on Ringer's 
dextrose, and the like. Preservatives and other additives may 
also be present, such as, for example, antimicrobials, 
antioxidants, chelating agents, inert gases and the like. 
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The agent may be administered orally, parenterally or intra- 
art icularly . 
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In another embodiment, the agent is a nonpepticiyl agent. In 
an embodiment, wherein the nonpeptidyl agent is a bicyclam 
such as AMD3100. 



5 This invention also provides a method for determining whether 
an agent is capable of inhibiting the activation of the CXCR4 
receptor by SDF-1 comprising: (a) contacting the cells 
expressing CXCR4 receptor in the presence of SDF-1 with the 
agent under condition permitting activation of the CXCR4 by 
10 SDF-1 if the agent is absent; and (b) determinig whether the 
amount of activation of the CXCR4 receptor by SDF-1 is 
decreased in the presence of the agent relative to the amount 
of activators in its absence, such a decrease in the amount 
of activation indicating that the agent is capable of 
LH 15 inhibiting the activation of the CXCR4 receptor by SDF-1. In 

^ an embodiment, the CXCR4 is expressed in cells. In a further 

Hj embodiment the cells are lymphocytes or monocytes. In a 

2Z separate embodiment the CXCR4 expressed artificially in 

T prokaryotic or eukaryotic cells. Such cells include but are 

P 20 not limited to bacterial, fungal, plant or animal cells using 
;4i methods well known in the art. 

^ Finally, this invention provides an agent identified by the 

above-described method and a composition comprising an amount 

25 of an agent identified by the above -described method effective 
to inhibit the activation of the CXCR4 receptor by SDF-1 and 
a suitable carrier. In the practice of this invention the 
agent may be, but is not limited to a polypepteide of VCAM-1, 
a HOkd member of the immunoglobulin gene superfamily, and 

30 Mac-2 binding protein (Mac-2BP) , also termed 90k tumor 
associated protein or IGFBP5 ( insulin- like growth factor 
binding protein-5) . 

As used herein "agent" means an antibody, polypeptide, 
3 5 peptide, analogue of a peptide, a nucleic acid, or an organic 
molecule that is capable of binding an SDF-1 protein expressed 
on synoviocytes so as to inhibit the interaction of the SDF-1 
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protein with CXCR4 receptors. In the case of polypeptides, 
the polypeptide may be an advanced glycation endproduct 
polypeptide or a portion thereof. The polypeptide may be 
synthesized chemically or produced by standard recombinant DNA 
5 methods. In the case of antibodies the antibody may be 
capable of specifically binding to the SDF-1 receptor. In 
another case the antibodies may be capable of specifically 
binding to the CXCR-4 reseptor. The antibody may be a 
monoclonal antibody, a polyclonal antibody. The portion or 
10 fragment or a F c fragment. The portion or fragment of the 
antibody may comprise a complementarity determining region or 
a variable region. 



Q The present invention also provides for a method for 

frf 15 inhibiting CXCR-4 interaction with a protein receptor of a 

O protein associated with the genes identified in rheumatoid 

rj arthritis when the receptor is on the surface of a cell, which 

comprises contacting the cell with an amount of an inhibitor 
of said interaction effective to inhibit interaction of the 
p 20 CXCR-4 with the protein receptor. 

% The present invention provides for an isolated peptide having 

O an amino acid sequence of SDF-1, SDF-la or SDF-iP 

^ corresponding to the amino acid sequence of the II56kd protein 

25 8 + 34, IGFBP5, 30 + 77 and SDF-la 28 + 41. The present 

invention also provides for a method of treating or 
ameliorating symptoms in a subject which is associated with 
a disease, wherein the disease in an inflammatory disease of 
the joint such as rheumatoid arthritis, which comprises 
3 0 administering to the subject an amount of the isolated peptide 
of the present invention or an agent capable of inhibitiing 
the interaction between CXCR-4 and SDF-1, effective to inhibit 
the interaction so as to treat or ameliorate the disease or 
condition in the subject. The method may also prevent such 
35 conditions from occurring in the subject. 

The present invention provides for an isolated peptide having 
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an amino acid sequence which corresponds to the amino acid 
sequence of 36 of the amino acids of SDF-1 protein. 

In the practice of the method the route of administration and 
5 frequency of administration is subject to various variables 
such as age and condition of the subject, area of the subject 
to which administration is desired and the like. 

In connection with the method of this invention, a 
10 therapeutically effective amount may include dosages which 
take into account the size and weight of the subject, the age 
of the subject, the severity of the symptom, and the efficacy 
n of the agent. One of ordinary skill in the art would be 

yg readily able to determine the exact dosages and exact times 

15 of administration based upon such factors. For example, a 
Q therapeutically effective amount may be a dose of from about 

"jl 0.1-10 mg/kg. In this regard, the dose may also be 

_?E administered as a single dose or as a series of doses over a 

s period of time. 

Si 2 0 

Q The use of antibodies, polypeptides, peptides or analogues of 

jjf peptides to treat rheumatoid arthritis is known in the art. 

?5 The following publications are hereby incorporated by 

reference: Rankin, E.C., et al . (1995) "The Therapeutic 
25 Effects of Engineered Human Anti-Tumour Necrosi Factor cc 
antibody (CDP571) in Rheumatoid Arthritis"; Dinant, H.J. and 
Dijkmans, B.A. (1999) "New Therapeutic Targets for Rheumatoid 
Arthritis"; and Maini, R.N. et al . (1998) "Therapeutic 
Efficacy of Multiple Intravenous Infusions of Anti-Tumour 
3 0 Necrosis Factor Alpha Monoclonal Antibody Combined with Low- 
dose Weekly Methotrexate in Rheumatoid Arthritis". Discolosed 
is the use of engineered human antibody that neutralizes 
tumour necrosis factor alpha was administered intravenously 
in single doses of 0.1, 1.0 or 10 mg/kg to patients with 
35 active rheumatoid arthritis. Short-term significant 

beneficial effect on Rheumatoid Arthritis disease activity has 
been established in a small but rapidly growing number of 
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double-blind placebo-controlled trials now including 
recombinant human IL-1 receptor antagonist, chimeric 
(mouse/human) monoclonal antibodies and recombinant human 
tumour necrosis factor receptor fusion protein. The 
5 disclosures of the publications referred to herein, in their 
entireties, are hereby incorporated by reference into this 
adpplication in order to more fully describe the state of the 
art as known to those skilled therein. 

10 In an embodiment of this invention an improvement in arthritis 
is associated with anti-chemokine therapy by blocking 
overexpression of SDF-1 in normal synoviocytes using antibody 
theraphy specific to SDF-1. 

15 In an embodiment of this invention a soluable CXCR-4 
biological agent recombinant receptor antagonist to SDF-1 may 
be used as an antagonist to SDF-1 to bind circulating SDF-1 
thereby preventing SDF-1 from binding the CXCR-4 receptor. 
In an embodiment of the invention the soluable CXCR-4 binds 

2 0 to a receptor on a monocyte, an example of which is IGFBP5 . 



In another embodiment small molecules may be used to block 
signal transduction of SDF-1. 
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This invention will be better understood from the Experimental 
Details which follow. However, one skilled in the art will 
readily appreciate that the specific methods and results 
discussed are merely illustrative of the invention as 
30 described more fully in the claims which follow thereafter. 
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EXPERIMENTAL DETAILS 

First Series of Experiments 

5 Synoviocyte culture. Synovial tissue was obtained at the time 
of joint replacement from a classic rheumatoid arthritis with 
10-12 layers of hyperplastic lining cells which intensively 
expressed HLA-DR and HLA-DQ molecules, and showed replacement 
of the superficial lining layer with monocytoid cells and an 
10 extensive subintimal infiltration of lymphocyte aggregates and 
monocytes. The osteoarthritis sample was taken from a 
synovium that had no lining cell hyperplasia and no subintimal 
cellular infiltration. The tissue was minced, enzymatically 
dissociated and cultured through five passages in Isocove's 
15 Modified Dulbecco's Media (Gibco, Grand Island, NY) 
supplemented with selected lots of 10% fetal calf serum 
(Gibco, Grand Island, NY) and 1% penicillin- streptomycin 
(Sigma, St. Louis, MO) as described (Edwards 1997). The 
resulting cells which presumably included intimal and 
2 0 subintimal synoviocytes in varying proportions according to 

their proportion in the starting material were grown to 
confluence and passaged by brief exposure to dilutions of 1% 
trypsin-EDTA (Sigma, St. Louis, MO). 

Construction of the subtraction librar/ and preliminary 
sequencing. PolyA+ RNA was isolated f^om the fifth passage 
synoviocytes using a mRNA Isolation/Kit (Stratagene) . 2ug of 
twice purified polyA+ RNA was wfsed as a template for cDNA 
synthesis in the RiboClone cp£JA Synthesis System (Promega) . 
The synthesized cDNA was legated with the oligonucleotides 
GATCCGCGGCCGC and GCGGCCG£?GT as described (Hubank 1994) . After 
selection of fragments larger than 250 nucleotides by 
fractionation through a Sephacryl S-400 column (Pharmacia) and 
phosphorylation wfth T4 polynucleotide kinase, the cDNA was 
digested with t#e restriction enzyme Mbol . The fragments were 
then lighted with oligonucleotides J-Bam-24 



+ 
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ACCGACGTCGACTATCCATGAACG and J- Bam- 12 GATCCGT TCATG , and 
amplified as described (Hubank 1994) . The PCR pybducts, after 
fractionation through Sephacryl S-400 column, /were digested 
with Mbol and they comprised the primary amplyicon. DNA from 
5 rheumatoid arthritis synoviocytes was further ligated with 
oligonucleotides N-Bam-24 AGGCAACTGTGCTATCCC^AGGGAG and N-Bam- 
12 GATCCTCCCTCG . The hybridization yWas performed as 

described (26) except that the ratio of tester and driver was 
kept 1:100 throughout. 10ug of the osteoarthritis primary 

10 amplicon were hybridized with 0 . lug of the rheumatoid 
arthritis primary amplicon in 5ul pf 24mM EPPS,pH8.0, ImM 
EDTA, 1M NaCl for 20hr at 67C. / The hybridized DNA was 
subjected to 10 cycles of PCR wi/th N-Bam-24 as a primer, 
followed by digestion with mung/ bean nuclease. One four 

15 hundredth of the digests was furt/her amplified for 20 cycles. 

After digestion with Mbol, the/DNA product was ligated with 
oligonucleotides R-Bam-24 AGCACTCTCCAGCCTCTCACCGAG and R-Bam- 
12 GATCCTCGGTGA . Hybridization and amplification steps were 
re p ea ted. After rediges/ion with Mbol, the resulting 

20 differentially subtracted /cDNA fragments were cloned into a 
BamHI site of the plasmiid pUC18 . The recombinants were 
inoculated in an orde/ed grid pattern on nitrocellulose 
filters, which were th/n probed with the osteoarthritis cDNA 
amplicon 32 P- labeled ywith the Megaprime DNA labeling System 

25 (Amersham) . The /DNA sequence of the non-hybridized 

recombinants was /determined in an Applied ' Biosystems DNA 
Sequencer Model y3 73A or 377 using standard dye terminator 
chemistry. Thfe seqman module of the Lasergene program 
(DNAstar) was' used for identification of homologous 

3 0 recombinants And grouping them into groups. The Genman module 
of the La&ergene program was used to search the GenBank 
databases /including the expressed sequence tag database on 
CDROM. /BLAST was used to verify the identification of 
sequenc/s that showed no homology with entries in the CDROM 

3 5 database. 

Northern blot analysis. Probes were prepared from the clones 
by PCR amplification of the inserts, digestion with Mbol and 
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isolation by electrophoresis on a 1% agarose gel. lug of the 
once purified polyA+ RNA of the same preparation used for the 
construction of subtraction library was run on a 1% agarose 
gel, containing 1.9% formaldehyde and hybridized with the 32 P- 
5 labelled probes as described (Seki 1989). The membranes were 
re-probed several times after stripping off the previous 
probe . 
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Construction of a rheumatoid arthritis cDNA library. The same 

10 preparation of the cDNA from the rheumatoid arthritis patient 
used for the construction of the subtraction library was 
ligated with EcoRI adapters. These constructs were cloned 
into XgtlO by standard procedures and the library was screened 
as described previously (Shirozu 1995). 



EXPERIMENTAL RESULTS 

Identification of genes differently represented in the 
cultured rheumatoid arthritis and osteoarthritis synoviocytes. 

2 0 To identify genes that may be differently expressed in the 
cultured rheumatoid arthritis and osteoarthritis synoviocytes, 
cell lines originating from a carefully selected highly 
inflammatory rheumatoid arthritis synovium and an 
osteoarthritis synovium with no lining cell hyperplasia or 

25 inflammatory cell infiltration were chosen. Two subtraction 

cycles were performed between polyA+ RNA from fifth passage 
rheumatoid arthritis and osteoarthritis synoviocytes followed 
by negative screening of the resulting difference 
representation clones with a probe consisting of the 32 P- 

30 labelled osteoarthritis synovial f ibroblastoid cDNA amplicons 
(Fig. 1) . 319 recombinant clones were selected for further 
analysis by DNA sequencing. 
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Nucleotide sequencing revealed that many of those 319 
recombinants had the same sequence, comprising of distinct 24 
sequence groups. As would be expected, the number of 




-18- 

recombinants representing each group varied considerably, 
ranging from just one to as many as 77 recombinants (Table 1) . 
Comparison of the sequence with the GenBank database revealed 
that 16 sequence groups showed more than 97% homology with the 
5 previously identified human genes (Table 1) . In the case of 
insulin- like growth factor binding protein 5 (IGFBP5) and 
interferon- inducible 56kd protein (II56kd protein) two cDNA 
fragments derived from the different portion of the same gene. 



Name of gene Number of Clones 

Group 1 * 

Manganese superoxide dismutase 8 

15 Collagenase type IV 4 

Complement factor B 4 

gc-B crystallin 1 

Interf eron-gamma IEF SSP 5111 1 

B94 protein 1 

2 0 HL.A-E heavy chain 1 

NMB protein 9 
Muscle fatty-acid-binding protein 1 
Group 2 * 

VCAM-1 2 

25 II56kdprotein 42 

71kd 2 1 -5 ' -oligoadenylate 1 
synthetase 

Mac2 binding protein 21 

Biglycan 16 

3 0 Lumican 3 

IGFBP5 107 

SDF-l-a 69 

Semaphorin VI 1 
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Table 1 . List of the identified genes and number of obtained 
clones . 
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On Northern blot analysis, Group 1 genes showed little 
difference in the intensity of hybridization between cultured 
rheumatoid and osteoarthritis synoviocyte RNA. Group 2 genes 
exhibited overexpression in rheumatoid arthritis synoviocytes 
compared with osteoarthritis synoviocyte. In the case of the 
genes that were represented in two different sequence groups, 
a total number of clones are shown in the table. Those genes 
are II56kd protein, 8 + 34, IGFBP5, 30 + 77, and SDF-la 28 + 
41 . 



Characterization of novel genes. Of the remaining 8 sequence 

groups, two highly represented clones with copy numbers of 2 8 

O and 41 in the library had 32% and 25% similarity, 

r2 respectively, to the 3 ' -untranslated region of the mouse SDF- 

Q 15 la. These fragments hybridized with the same clones from the 

J 1 ^ XgtlO rheumatoid arthritis synoviocyte library, indicating 

jg that they derived from the same transcript. 

« The nucleotide sequence of the clones showed high homology 

fy 2 0 with mouse SDF-la in the coding region (data not shown) , and 

"7; was almost identical with the subsequently published sequence 

Q of the human SDF-la gene (Tan 19 90) . 

z \ 

Another clone was found to have 90% homology with mouse 
2 5 semaphorin E at the nucleotide level and 94% at the putative 
amino acid level. This suggested that the isolated clone was 
a human homologue of the mouse semaphorin E, and it was 
tentatively named human "semaphorin VI". A comparison of the 
amino acid sequences with the previously described human 
30 semaphorins III, IV, V and mouse semaphorin E is shown in Fig. 
2 . 



Analysis of another clone showed some homology at the 
nucleotide level and more significantly at the putative amino 
3 5 acid sequence level with a variety of sulfatases. Among human 
genes the greatest similarity was with the human N-acetyl- 
glycosamine sulfatase. However the sequence of this clone was 
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most homologous with the putative amino acid sequence derived 
from the C. elegans genomic cosmid K09C (Fig. 3) . 



A portion of the sequence of clone ML.2115 was 99% identical 
5 with the EST sequence AA447232. The remaining clones did not 
show significant homology to any known genes in either 
nucleotide level nor in translated amino acid level, and their 
identification is continuing. 

10 Northern analysis. To determine the actual difference in 

level of expression of the genes characterized by the 24 
different recombinant clones, Northern analysis of polyA+ RNA 
C3 from the two cell lines used to make the difference library 

ft was performed. The level of GAPDH expression was not 

0 15 detectably different between both synoviocytes (data not 
^ shown) . Fig. 4 illustrates a representative gel using inserts 

of clones as probes from, lumican, IGFBP5, SDF-lot, semaphorin 

01 VI, collagenase type IV and the two clones, ML2122 and ML2115 
^ which did not show appreciative homology to the known genes. 
FU 20 As shown, the expression of collagenase type IV did not differ 

significantly between the two RNA preparation. Similarly, the 
p expression of genes depicted in Group 1, Table 1, such as HLA- 

O E , a-B-crystallin and manganese superoxide dismutase had 

minimally increased or essentially equivalent levels of 
25 expression in the osteoarthritis and rheumatoid arthritis 

synoviocyte cell lines. 

However, of the genes identified in this study, 11 had 
moderate to marked differentially elevated expression in the 

3 0 rheumatoid arthritis synoviocyte line used for the subtraction 
(Table 1. Group 2), suggesting that these genes were 
constitutively overexpressed in cultured rheumatoid arthritis 
synoviocytes. These 11 genes included: VCAM-1, Mac-2 binding 
protein (Mac-2BP) , IGFBP5, biglycan, lumican, SDF-la, II56kd 

35 protein, 71kd 2'-5 ! oligoadenylate synthetase, semaphorin VI, 
and two clones ML2115 and ML2122. The clone ML2115 hybridized 
with a 6 kb mRNA. The clone ML2122 hybridized with three 



species of mRNA of which 4.7 kb was the major one (Fig. 4). 
The characterization of these clones is being continued. 

Since SDF-la has an alternatively spliced form SDF-1-3 with 
which it shares the most of coding region but a different 3 ' - 
untranslated region (30) , the expression of SDF-ip was 
investigated. Its expression was also found to be increased 
in parallel with that of SDF-la in the rheumatoid arthritis 
synoviocytes compared to the osteoarthritis cells (data not 
shown) . 

EXPERIMENTAL DISCUSSION 

The objective of the present study was to develop a method to 
identify additional genes that comprise the distinctive 
biochemical and cell physiologic phenotype of cultured 
rheumatoid arthritis f ibroblastoid synoviocytes. Of 24 genes 
characterized by this procedure, 11 were found to be 
constitutively overexpressed by Northern analysis in the 
rheumatoid arthritis synoviocyte culture used for subtraction 
and three were novel genes. The relatively unbiased gene 
discovery approach used to subtract differential 
representations of the expressed genes in the two prototype 
cell lines is a general method useful for the identification 
of differentially expressed genes. The characteristics of the 
genes identified in the present study direct increased 
attention to the possibilities that synoviocytes from synovia 
with marked lining cell hyperplasia are characterized both by 
different matrix and cell-cell interactions and by the fact 
that they likely provide guidance clues and sites for receptor 
interaction to infiltrating monocytes and lymphocytes during 
normal histogenesis of the synovial lining, providing a 
mechanism for the location of monocyte lineage cells in the 
intimal layer. Moreover, in an exaggerated mode of leukocyte 
ingress that could occur during synovial hyperplasia, these 
gene products might foster the localization of an immune or 
autoimmune response to the joint. Taken together the results 
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direct further attention to the role of mesenchymal cells in 
immune-mediated diseases. 

In the present experiments special attention was directed to 
5 the selection of the tissue source of the two cell lines used 
in the subtraction. Prior studies showed that cell lines 
obtained from patients clinically characterized as 
osteoarthritis with various degrees of inflammatory synovitis 
elaborated proinflammatory cytokines in patterns often similar 

10 to those found in rheumatoid arthritis samples (Smith 1971, 
Ritchlin 1994) . In this study the reference synovial sample 
was from a patient with osteoarthritis who had no evidence of 
synovitis with only a single cell layer of intimal 
synoviocytes. In contrast the rheumatoid arthritis synovium 

15 used for gene isolation had 10-12 layers of hyperplastic 
lining cells. It should be stressed that a limitation of this 
study is that it is not possible to identify the site of 
origin in the synovial lining of the cultured synoviocytes, 
although application of reagents directed to identification 

2 0 of these products of these genes in si tu should facilitate 
resolving the question of their origin. 

The gene discovery approach used in this work was initially 
developed to detect the absolute difference between two 

25 genomes where each gene is present in the same ratio (Hubank 
1994) . Because of the differences in the number of each mRNA 
species and the likelihood that the frequencies of certain 
mRNA species relatively differed between cultured rheumatoid 
arthritis and osteoarthritis synoviocytes, the subtraction 

30 steps were modified by reducing the ratio of the tester and 
driver DNA. This had the effect of decreasing the 

completeness of the subtraction step, but increasing the 
possibility of discovering genes expressed at a variety of 
different levels in the two cell lines. To compensate for any 

35 potential inefficiency of subtraction, a negative selection 
screening step was added using the driver osteoarthritis 
synoviocyte cDNA amplicon as a probe, and the constitutive 
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increase in expression of the identified genes was confirmed 
in Northern analysis. 

Several technical points require comment. The cDNA synthesis 
5 was primed with oligo (dT) to bias the ultimate library 
towards one rich in 3 1 -untranslated regions, because the 
nucleotide sequence of this region is more divergent than that 
of the coding regions. The restriction enzyme Mbol was chosen 
to create DNA fragments of relatively small size to facilitate 

10 efficient and even amplification by PCR, and to increases the 
chance of isolating genes which are differentially spliced 
and/or members of a supergene family. The DNA fragments were 
fractionated through a Sephacryl S-400 column to avoid biased 
amplification of numerous fragments smaller than 250 

15 nucleotides. 

The subtractive method is less influenced by differences in 
a low copy number mRNA species than the related differential 
display method, however the number of recombinants analyzed 
places a sampling error limit on the identification of a rare 
species. In the present study, some differentially expressed 
genes were identified only by the presence of a single 
recombinant. There are additional technical reasons, such as 
the absence of appropriate Mbo 1 sites why some genes 
25 previously expressed in cultured inflammatory synoviocytes 
might not be identified (Smith 1971, Lisitsyn 1993, Koths 
1993) . 



20 



30 



Of the 11 genes constitutively increased in expression in the 
rheumatoid synoviocytes, VCAM-1, a HOkd member of the 
immunoglobulin gene superfamily, and Mac-2BP, also termed '90k 
tumor associated protein', both exhibit properties that 
suggest they could mediate heterotypic binding of monocyte - 
lineage intimal synoviocytes to f ibroblastoid lineage 
3 5 synoviocytes. VCAM-1 has been previously described as 
markedly increased on rheumatoid arthritis synoviocytes 
(Winchester 1995, Ritchlin 1989) and the identification of 
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VCAM-i by this difference method supports the validity of this 
gene discovery approach for intimal synoviocytes. VCAM-1 binds 
circulating monocytes and lymphocytes expressing the a 4 3 2 
(VLA4) integrin. Mac-2BP, a heavily N-glycosylated secreted 
protein which binds stoichiometrically to the macrophage- 
associated lectin Mac-2 (galectin-3) (Inohara 1996, Yu 1995), 
also binds to the monocyte CD14 structure in the presence of 
LPS and LBP(34). Binding of Mac-2BP to these receptors 
initiates monocyte -lineage cells to secrete IL-1 and IL-6 and 
increases their expression of ICAM-1 (Ullrich 1994, Luo 1995). 
This alteration in monocyte state could be one of the factors 
modulating the cell into a synovial lining macrophage. 

The overexpression of the semaphorin VI by synoviocytes is 
intriguing because the semaphorins are a family of 
transmembrane signalling and secreted guidance glycoprotein 
molecules that are implicated in directing axonal extension 
(Hall 1996) . However, in view of the relatively small number 
of axons in the synovium, it seems unlikely that the 
physiologic role of the semaphorin VI molecule is to signal 
through an axonal receptor. Rather, one might conjecture 
semaphorin VI plays some role in chemotaxis of monocytes and 
their differentiation. Suggesting a broader role of semaphorin 
molecules in cellular interaction, CD100 which plays a role 
in B-cell activation parallel to that of CD40 ligand has 
recently been identified as a member of this family 
(Mangasser-Stephan 1997) . A report of the overexpression of 
semaphorin VI gene in rheumatoid arthritis synovial 
fibroblastoid cells by the differential display method 
appeared while this manuscript was in preparation (Nagasawa 
1994) . 

Another molecule constitutively expressed by the rheumatoid 
synoviocyte was the chemokine SDF-la. It was first identified 
as a pre-B cell growth stimulating factor produced by marrow 
stromal cells (Tashiro 1993, D'Apuzzo 1997). SDF-l-a attracts 
pro- and pre-B cells (Ajuti 1997) as well as CD34+ 
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hematopoietic progenitor cells (Nagasawa 1996) . Mice 
genetically deficient for SDF-la lack B-cells and have 
hematopoiesis only in their liver(44). SDF-la is the ligand 
for the CXCR-4 chemokine receptor that serves as a co receptor 
5 for entry of T-tropic syncytial inducing forms of HIV into T- 
cells (Bleul 1996) . SDF-la has recently been the subject of 
an interesting series of studies that demonstrated this 
chemokine to be a highly efficacious transendothelial 
chemoattractant for both monocytes and T- lymphocytes (Rada 
10 1993) . It is not clear that SDF-1(3 has a biologic activity 

different from that of SDF-la at the moment. We speculate that 
the production of SDF-1 by intimal synoviocytes in the normal 
joint could act as a guidance cue for the continual entrance 
into the intimal synovial membrane of monocyte lineage 
Lq 15 precursors committed to differentiation into phagocytic lining 
5? cells. Similarly SDF-1 and other chemokines elaborated by the 

normal synoviocytes may act to enhance the ingress of 
=f? lymphocytes into the joint tissues to facilitate physiologic 

Gn 

surveillance functions . 



Several genes were identified as constitutively expressed, 
indicating the possibility of altered cell-matrix interactions 
as part of the distinctive rheumatoid arthritis synoviocyte 
phenotype . Lumican is a keratan sulfate proteoglycan that 
25 plays a critical role in the basis of corneal transparency 
(Grover 1995) . In adult cartilage lumican exists 

predominantly in a glycoprotein form lacking keratan sulfate 
(Funderburgh 1997) . Macrophages do not adhere to intact 
corneal keratan sulfate proteoglycans but attach and spread 
3 0 rapidly on the lumican core protein after the removal of 
keratan sulfate chains (Hildebrand 1994) . This observation 
suggests some species of lumican could also act to localize 
macrophages to sites of the synovium. Biglycan, a dermatan 
sulfate-proteoglycan, is both induced by TGF-P, and binds TGF- 
35 (3 (Ungefroren 1996) , suggesting that biglycan may down 
regulate TGF-(3 activity by sequestering this growth factor in 
the extracellular matrix. IL-6 stimulates the expression of 
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biglycan, while TNF-a depresses its expression (Jones 1993). 
IGFBP5, was the most highly represented species in the 
difference library. This molecule increases IGF-1 binding to 
the fibroblast membrane by attaching to the extracellular- 
5 matrix proteins, types III and IV collagen, laminin and 
fibronectin (Tyler 1989). IGFBP5 may have an antiinflammatory 
role that opposes the effect exhibited by IL-1 and TNF-a of 
stimulating proteoglycan degradation and decreasing 
proteoglycan synthesis (Pash 1996) . The observation that 
10 IGFBP5 is further induced by exposure of cells to 
prostaglandin E2(54) is of interest with respect to the 
pattern of morphologic change and gene activation observed in 
synoviocyte cultures upon addition of this agent (Marie 1992) . 



15 The 71kd 2'-5 ! oligoadenylate synthetase is a subunit of one 

M of several interferon- induced enzymes that, when activated by 

O 

vj double -stranded RNA, convert ATP into 2 '-5' linked oligomers 

jS of adenosine (Wathelet 1986). The interferon- inducible 56kd 

7 protein is of unknown function, but in common with 2' -5' 

O 20 oligoadenylate synthetase is strongly induced by 
interferons (Mellors 1961) . The expression of these two genes 

up directs attention to the presence of activation-like features 

•G? in the phenotype of the rheumatoid arthritis synoviocytes. 

2 5 In prior studies it was found that the relative overexpression 

of known genes comprising the distinctive phenotype of 
cultured inflammatory synoviocytes varied somewhat from cell 
line to cell line (Smith 1971 , Lisitsyn 1993) . Preliminary 
evidence using these newly isolated genes indicates similar 

30 sample to sample variation in the relative degree of 
expression of one overexpressed gene relative to another by 
Northern analysis. Similarly, additional studies will be 
required to determine whether the levels of expression of the 
remaining genes that were not preferentially overexpressed in 

35 rheumatoid synoviocytes distinguish synoviocytes in general 
from f ibroblastoid cells in other anatomic sites. 
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The identification of a group of constitutively overexpressed 
genes in this study is relevant to the three principal cell 
biologic possibilities explaining the origin of the 
distinctive phenotype of these cultured rheumatoid 
5 synoviocytes . We and others have postulated that the 
phenotype could result from sustained modulation of gene 
expression in several fibroblast lineage cells of the joint 
that developed as a response to prolonged paracrine signalling 
through products of a local immune response, analogous to a 

10 phenotypic imprinting process (Barland 1962) . A second 
possibility is that the cells are primarily 'transformed' as 
suggested by Gay and colleagues (Firestein 1990) . However, 
perhaps most likely in view of the features of the genes 
isolated in this study, is a third possibility that the 

15 phenotype exhibited by these cells is similar to that of the 
normal intimal synoviocyte. Thus at the start of an 
experiment, a culture derived from rheumatoid arthritis 
synovia characterized by marked intimal synoviocyte 
hyperplasia would contain an increased proportion of intimal 

20 lining synoviocytes that are responsible for the resulting 
phenotype of the cultured cells because of their lineage 
difference in patterns of gene expression. 

Each of these three potential origins shares in common the 
25 possibility that the presence of increased quantities of these 
guidance and cell interaction molecules may itself create a 
novel synovial microenvironment that could facilitate 
interactions with monocyte lineage cells and foster the entry 
of large numbers of inflammatory and immune leukocytes. The 
30 first two mechanisms imply that the contribution of 
synoviocytes to the cell biologic basis of synovitis is 
qualitatively based due to the presence of abnormally 
activated or modulated cells while the third mechanism implies 
a quantitative over representation of members of a normal cell 
35 lineage that physiologically exhibits distinctive properties. 

In each case, the resulting environment may modulate or 
deviate an ongoing immune response and reenforce its 
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subsequent evolution into an autoimmune process. 

Since inflammatory imprinting or hyperplasia could be 
initiated by a non specific minor traumatic event or even 
driven by a local immune response to a common pathogen, this 
might provide a non antigen-specific mechanism for localizing 
potential pathogenic immune responses to the joint. For 
example, an additional action of SDF-1 at higher 

concentrations could be the facilitation of earlier stages of 
peripheral B-cell development in the synovial milieu that are 
relevant to the presence and maturation of abundant B-cells 
in the rheumatoid synovium and to their production of 
rheumatoid factors (Oritani 1996) . Furthermore, several 
additional molecules produced by the synoviocyte can interact 
to facilitate other aspects of B-cell development. IL-6, a 
cytokine with effects on B-cell differentiation, is 
constitutively increased in synoviocytes obtained from 
rheumatoid arthritis patients (Smith 1971) and its synthesis 
by monocytes is induced by Mac-2BP, as described above . 
Interleukin 7-dependent proliferation of pre-B cells is also 
enhanced upon exposure to biglycan (Grimley 1966) . Similarly 
these molecules could attract and facilitate interaction with 
and activation of monocytes. For example, Mac-2BP which 
induces homotypic monocyte aggregation and activation (Yu 
1995) could be a factor present in supernatants from cultured 
rheumatoid arthritis synoviocytes that induces blood monocytes 
to form giant cells (Grimley 1966). Thus, along with the 
variety of genes that mediate the well recognized effector 
functions of matrix remodelling and tissue destruction (Marie 
1992), the genes expressed by the mesenchymal cells of the 
joint may affect antigen non specific immune localization or 
amplification mechanisms that could play a role in the 
puzzling phenomenon of why localized joint inflammation 
develops in many disparate diseases in the setting of immune 
responses that apparently have little to do with the joint. 
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Second Series of Experiments 



Immunolocalization of SDF-1 and CXCR-4 to different cells in 
the joints of patients with rheumatoid arthritis. 

5 

Objective: In support of the prior observation of the 

synthesis of SDF-1 on Northern analysis by cultured synovial 
lining cells from rheumatoid arthritis and other forms of 
inflammatory arthritis, the synovial tissues of patients with 
10 rheumatoid arthritis were studies using a polyclonal goat anti 
SDF-1 antibody. Similarly, the tissue was studied for the 
expression of CXCR4 , the receptor for SDF-1 

52 Results: The hyperplastic layer of f ibroblastoid synovial 

15 lining cells showed intense staining for the presence of SDF- 

j£ 1. The lymphocytes and monocytes infiltrating in the sub 

s lining cell region of the joint exhibited intense staining for 

Jr? the expression of CXCR4 . Similarly, the monocyte -lineage cell 

p in the synovial lining, but not the fibrolastoid synovial 

20 lining .cells also expressed CXCR4 . 

Interpretation: The observations are consistence with the 

first series of experiments. That SDF-1 is made by 

f ibroblastoid synovial lining cells and that this chemokine 
25 attracts lymphocytes and monocytes into the joint tissue to 
cause join inflammation. 
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Third Series of Experiments 

Expression of Chemokine SDF-1 by Intimal Synoviocytes. The 
5 chemokine stromal derived factor-1 (SDF-1) was first 
identified as a pre-B cell growth stimulating factor produced 
by marrow stromal cells necessary for its population by pro- 
and pre-B cells and CD34+ hematopoietic progenitor cells. 
SDF-1 has known to be highly efficacious transendothelial 
10 chemoattractant for monocytes and T-cells. The SDF-1 

receptor, CxCR4 , also serves as a co-receptor for HIV entry 
into T cells. SDF-1 was identified as a gene overexpressed 
Jji by cultrured synovial f ibroblastoid cells from an individual 

HI with rheumatoid arthritis (RA) compared with those from 

y 15 osteoarthritis (OA) by differential subtraction. To 
Ci investigate whether SDF-1 is generally overexpressed in RA 

synovial f ibroblastoid cell lines, Northern analysis was 
J' performed with RNA from f ibroblastoid cell lines of 11 RA and 

O 2 OA samples. Eight of the RA lines were from synova with 

20 marked lining cell hyperplasia, massive inflammatory 
yg infiltration and neovasculization . All 8 exhibited moderate 

Q to marked overexpression of SDF-1. The remaining 3 RA 

individuals had only mild infiltration with little lining cell 
hyperplasia but considerable neovasculization. These 3 RA and 
2 5 2 noninflammatory OA cell lines had much lower expression of 
SDF-1, suggesting a correlation between the level of SDF-1 
expression in synoviocyte lines and features of the tissue 
from which they were derived. Staining of synovial tissues 
from 3 OA and 2 RA synovia with a polyclonal antibody to SDF-1 
30 revealed 60-70% positivity of intimal synoviocytes in OA. In 
RA there was markedly stronger and more extensive SDF-1 
staining in the hyperplasic lining with additional staining 
of some subintimal f ibroblastoid cells. The results suggest 
that increased SDF-1 elaboration by intimal synoviocytes and 
35 possible other f ibroblastoid cells may participate in the 
pathology of RA by enhancing recruitment of monocytes and T- 
lymphocytes into the synovium. 
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Fourth Se ries of Experiments 

The joint is a functionally unique structure primarily formed 
from mesenchymal cells. Its distinctive cavity is mainly lined 
by specialized cells belonging to the fibroblast lineage that 
are designated as fibroblast- like intimal synoviocytes. 
Through their unique and increasingly defined pattern of gene 
expression the f ibroblast-like intimal synoviocytes appear to 
be differentiated to perform a series of functions critical 
to the biologic function of the normal joint. The 
characteristics of the f ibroblast-like intimal synoviocyte and 
its pattern of gene expression suggests that this cell is 
closer to the undifferentiated mesenchymal stem cell than to 
the typical well -differentiated fibroblast. This phenotype 
15 also appears to confer the potential for a special role in 
SJ fostering the development and synovial localization of the 

+; autoimmune response underlying rheumatoid arthritis, and to 

participate in joint destruction. 

g 20 In addition to the fibroblast - like intimal synoviocytes [1, 
yy 2 J that account for approximately two thirds of the lining 

S cells in an uninf lammed joint, the intima contains a second 

^ intercalated cell type determined by their morphology, 

phenotype and function to be derived from the CD14 positive 
branch of the monocyte lineage [3] . This latter cell is 
designated the monocytoid intimal synoviocyte. These two types 
of lining cells were originally named "type B" and "type A" 
respectively according to their appearance in electron 
microscopy [4] , but referring to them by their lineage 
derivation is more descriptive. The monocytoid intimal 
synoviocyte, with its equally specialized phenotype that 
distinguishes it from the typical monocyte exhibits some 
features found in certain types of dendritic cells. 

3 5 The monocyte progenitors of the monocytoid intimal synoviocyte 
enter the intima after leaving blood vessels and differentiate 
into their mature form in response to guidance clues and 
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interactions apparently provided by the f ibroblast-like 
intimal synoviocytes. The molecules that are responsible for 
this critical phase of joint histogenesis are beginning to be 
identified. The function and especially the interactions of 
5 these two cell types is of special importance in understanding 
both the biology of the normal joint and in the inflammation 
of rheumatoid arthritis. 

Beneath the intimal lining layer composed of these two cell 
10 types lies a thin zone of vascular connective tissue, the 
subintima. that may also contain variable numbers of 

adipocytes. In contrast to the f ibroblast-like intimal 
synoviocyte, the subintimal synoviocytes appear to be more 

if| typical connective tissue fibroblasts. The interrelationships 

15 of the various members of the mesenchymal cell-like lineage 

Q is depicted in figure 5 . 

^" The majority of the newly identified genes, including those 

p const itutively expressed at high levels in cultured 

LJf 2 0 synoviocytes, appeared very likely to be performing 
yS physiologic functions. The result is an emphasis placed on 

S attempting to incorporate the pattern of expression of these 

^ genes into schemes that reflect on the normal biology of the 

joint. For a more detailed and comprehensive treatment, the 
25 reader is referred to several comprehensive reviews of the 

synoviocyte and synovitis for additional information [5-7] . 

Because the function of the joint is to permit weight bearing 
motion on avascular cartilage, the lining cells appear 

3 0 specialized for performing a series of physiologic roles aimed 
at maintaining the integrity of the joint. These functions 
(table 1) include responsibility for maintaining cartilage 
viability and function, removal of cartilage debris resulting 
from impact and weight bearing stresses, and coordinating the 

35 immunologic surveillance of this relatively large fluid space. 

Interestingly, in the instance of the f ibroblast-like intimal 
synoviocyte, these functions require a degree of spatial 



polarization and organization unusual for a fibroblast and 
more commonly encountered in an epithelium. One face of the 
synoviocyte interacts with extracellular matrix fibers and the 
lining cells, while the other face interacts with the 
hyaluronate-rich synovial fluid (figure 6) . The intimal 
lining, however, has none . of the structural features of an 
epithelium such as a basement membrane or tight junctions. 

Table 10.1 Partial lis t of fibroblast-like intimal synoviocyte functions 

Surface specialization for-. 

a) synovial fluid face 

b) extra -cellular matrix face of subtntima 

c) receptors for 

1. homotypic (fibroblast-fibroblast) 

2. heterotypic (fibroblast-monocyte/macrophage) 

Synthesis of components of the synovial fluid and factors for cartilage nutrition and function 

Histogenic functions 

guidances clues to monocyte entrance 

Immune surveillance 

Matrix remodeling 

a) metalloproteinases and other proteinases 

b) synthesis of matrix components 



The functions of fibroblast - like intimal synoviocytes, and 
their presence in early stages of the development of the joint 
suggest that these fibroblast-like synoviocytes are 
responsible for attracting circulating monocyte lineage cells 
to become resident phagocytic cells in the intima. It is 
likely that the specific accumulation of monocyte lineage 
cells in the joint reflects the need for specialized innate 
immune surveillance and debris removal in this vulnerable 
mesenchymal cavity. Furthermore, interactions between the 
monocyte and synoviocyte are responsible for patterning the 
histogenesis of the normal joint [2] . Similarly, it is 
possible that the f ibroblast-like intimal synoviocyte provides 
an enhanced recruitment of T- and B-cells into the joint 
cavity to more effectively perform parallel cognitive immune 
surveillance functions in this large extracellular space. 

Genes essential to physiologic synoviocyte function form the 
basis of the role of the synoviocyte in disease. Based on the 
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identif ication of certain genes expressed in fibroblast - like 
intimal synoviocytes inflammation is a direct consequence of 
their physiologic role. This is especially evident in the 
function of genes potentially involved in patterning the 
5 histogenesis of the normal joint and the functional 
adaptations required of fibroblast lineage cells to maintain 
joint integrity. 

An exaggeration of this patterning process, in part attributed 
10 to genetic polymorphisms, is involved in the entrance of large 
numbers of monocytes, macrophages and lymphocytes into the 
milieu of the rheumatoid arthritis joint, accounting in part 
for the feedback loops between these cells evident in chronic 
k S arthritis. Indeed this potentially proinflammatory 

?4 15 surveillance function may suffice to attract autoimmune 
S3 responses into the joint without the requirement of 

.2 postulating a drive by a joint-specific autoantigen [8] . Gene 

yl programs that are involved in the extensive structural and 

Z„ matrix modifications invoked during embryogenesis of the joint 

Hi 2 0 are also involved in development of some of the seemingly 
O aberrant destructive events involving the synoviocytes in 

H rheumatoid arthritis apparently under the paracrine drive of 

O the immune response underlying rheumatoid arthritis. 

25 Lineage, disposition and cell-cell interactions of fibroblast - 
like intimal synoviocytes. The f ibroblast-like intimal 
synoviocyte appears to be as distinct from a fibroblast as are 
the other members of this lineage, such as osteocytes and 
chondrocytes that originate from the same mesenchymal stem 

30 cell progenitor as illustrated in figure 5. One feature of 
this differentiation discussed above is that fibroblast -like 
intimal synoviocytes exhibit a polarization unusual for a 
typical connective tissue fibroblast, as illustrated in figure 
6 . It is likely that the various surfaces of the intimal 

35 synoviocyte are specialized to perform these disparate 
functions. However it is probable that the receptors for 
interaction with collagen and other elements of the subintimal 
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ground are disposed only on the abluminal surface of the cell, 
and that the lateral margins of the intimal synoviocyte 
exhibit a density of receptors for cell-cell contact, not 
found on the luminal or abluminal surfaces . 

5 

Another lineage feature is that there are two types of cell- 
cell interactions exhibited by the fibroblast- like intimal 
synoviocyte. One is the homotypic cell-cell interaction of 
fibroblast -like intimal synoviocytes with each other and the 
10 second is the heterotypic interaction of the fibroblast - like 
intimal synoviocytes with monocytoid intimal synoviocytes. In 
electron microscopic studies tight junctions or desmosomes, 
« characteristic of epithelial cells, are not seen suggesting 

0 that homotypic and heterotypic cellular interactions during 

~ 15 the continued histogenesis of the synovial lining are perhaps 
3 entirely receptor-mediated. Additionally, matrix components 

^ like collagen VI have been implicated in maintaining cells 

n attached to each other and to the matrix [9] . The expression 

of these receptors and/or their ligands in the cell are also 
20 likely to be polarized. 
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A third feature is that the f ibroblast-like intimal 
synoviocytes appear responsible for the localization and 
guidance clues that result in the entrance and differentiation 

25 of monocytes in the intima. The property of forming a cell- 
cell relationship with monocytes is another feature that 
distinguishes the synoviocyte from typical fibroblasts in this 
lineage. The phenotype of the f ibroblast-like intimal 
synovial lining cell exhibits a phenotype that suggests it 

30 also provides receptors for the engagement of counter 
receptors on the entering monocytoid cells, and that receptor 
engagement involved in this interaction results in both 
monocyte adherence and their subsequent differentiation into 
macrophage -like monocytoid intimal synovial lining cells. In 

35 view of the terminal differentiation state of macrophages, 
there is continual repopulation of the intima by newly 
entering monocyte lineage cells from the blood. 
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This patterning, histogenesis and organization of the intimal 
membrane in joint organogenesis is of particular interest. In 
fact, it is possible that some of the mechanisms involved in 
5 joint development may also be involved in tissue damage during 
inflammation. During fetal development, cavitation occurs 
within the primitive skeleton along planes destined to become 
the articular surfaces of synovial joints. Evidence suggesting 
that joint cavitation is dependent on the behaviour of 
10 fibroblastic cells and/or adjacent chondrocytes, rather than 
macrophages has been presented in a histochemical study of 
human fetal limbs [2] . Macrophages are found in the site of 
Q the future joint prior to cavitation in the periphery of joint 

interzones but not at the presumptive joint line in the 
q 15 central interzone, suggesting that macrophages are not 
actively involved in the process of cavity formation [2] . 
^ Uridine diphosphoglucose dehydrogenase (UDPGD) activity was 

t r f increased in a narrow band of cells at the presumptive joint 

line prior to cavitation. Since UDPGD activity is involved in 
fjj 20 hyaluronan synthesis, Edwards has proposed that joint 
^ cavitation is facilitated by a rise in local hyaluronan 

pS concentration in an area of tissue where cohesion is dependent 

□ on the interaction between cellular CD44 and extracellular 

hyaluronan. It is possible that an early role of macrophages 
25 in the histogenesis of the joint is removal of cells that may 
undergo apoptosis in the formation of the joint cavity, and 
dysfunction in apoptosis could contribute to synovial 
hyperplasia, as discussed subsequently. 

3 0 At a more f undamenental level, the genes involved in the 
regulation of these and earlier events in joint formation are 
beginning to be delineated. The mouse brachypodism locus 
encodes a bone morphogenetic protein called 

growth/dif f erentiation factor 5. Transcripts of this gene are 

35 expressed in a pattern of transverse stripes within many 
skeletal precursors in the developing limb, corresponding to 
the sites where joints will later form between skeletal 



elements. Null mutations in this gene disrupt the formation 
of many synovial joints in the limb, leading to complete or 
partial fusions between particular skeletal elements, and 
changes in the patterns of repeating structures in the digits, 
wrists and ankles [10] . Particular bone morphogenetic protein 
family members may also play an essential role in the 
segmentation process that cleaves skeletal precursors into 
separate elements. This process helps determine the number of 
elements in repeating series in both limbs and sternum, and 
is required for normal generation of the functional 
articulations between many adjacent structures in the 
vertebrate skeleton . 

Potential role for genes expressed in f ibroblast-like intimal 
synoviocytes as candidates of the genetic susceptibility to 
rheumatoid arthritis. In terms of the relationship between 
disease pathogenesis and genetic susceptibility, several of 
the genes differentially expressed in fibroblast - like 
synoviocytes from rheumatoid arthritis as compared to 
osteoarthritis map to non-MHC chromosomal regions where both 
susceptibility loci for rheumatoid arthritis and experimental 
arthritis in rodents are located. This makes these genes 
candidate susceptibility genes whose expression may be 
regulated differently in alternate gene forms. It is a 
distinct possibility that normal down-regulatory pathways 
that operate to protect the joint from going into a state of 
persistent inflammatory and local immune response are 
deficient in patients with rheumatoid arthritis. 

Problems in the study of synoviocytes. The two fundamental 
questions asked of the fibroblast - like intimal synoviocyte 
are: a. what genes are expressed that enable it to perform its 
distinctive functions and how does this pattern of gene 
expression differ from that of the typical fibroblast and from 
the subintimal fibroblast- like synoviocyte? b. How is this 
pattern of gene expression altered in inflammation and what 
are the functional consequences of this change? This, because 
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of several features of the biology of both the normal and the 
inflamed joint, including the fact that the single layer of 
fibroblast -like intimal synoviocytes is not separated from the 
subintima by a basement membrane, (figure 2) making the 
isolation of fibroblast- like intimal synoviocytes from the 
normal joint a difficult problem. 

Accordingly, because of the uncertainty of whether a given 
f ibroblast-like cell propagated in tissue culture originated 
from the intima or subintima, cells cultured from the joint 
are referred to as f ibroblast-like synoviocytes. In rheumatoid 
arthritis and many other chronic arthritides the synovial 
intimal membrane becomes highly hyperplastic, forming multiple 
layers of cells that in short term cultures exhibit a stellate 
or dendritic-like phenotype . However, despite the greatly 
increased number of f ibroblast-like intimal synoviocytes, the 
same anatomic problem persists of the inability to reliably 
distinguish the origin of a cell from the intima or subintima. 

The second major problem is that the inflammatory state has 
induced additional alterations in phenotype by what is likely 
to be a paracrine mechanism. These cytokines and growth 
factors may be either directly derived from infiltrating 
lymphocytes or reflect additional activation pathways 
involving monocytes and/or f ibroblast-like cells. By 
definition, these paracrine effects are short lived and 
disappear in culture after several days. It however has been 
hypothesized, but not established, that a consequence of 
prolonged exposure to these paracrine effects may persist 
leaving a phenotypic immunologic imprinting that could account 
for a significant percentage of the phenotypic behavior of 
these cells in culture [11, 12]. 

Nevertheless, many studies use inflammatory synoviocytes as 
a starting point, particularly after they have been cultured 
in an attempt to isolate them from the short-lived monocytoid 
cells and allow their phenotype to recover from most, if not 



all, of the paracrine effects of exposure to the products of 
an immune response . 

Distinctive phenotype of cultured synoviocytes from 
inflammatory synovitis. In freshly enzyme-dissociated 
preparations of cells obtained from rheumatoid arthritis 
synovia and those from other inflammatory arthritides, many 
fibroblast -like lineage cells are found that have a striking 
stellate or dendritic morphology. The striking HLA-DR 
expression [15, 16] and morphologic phenotype of the 
f ibroblast-like synoviocyte freshly isolated from a rheumatoid 
synovium has sometimes warranted the term dendritic cell 
although this cell is also referred to as a stellate cell 
(figure 3) . The use of the term dendritic brings up the 
question of whether these cells exhibit a functional 
relationship to the dendritic cells of the myeloid and 
lymphoid lineages that are increasingly being recognized to 
play a key role in the early events of the immune response. 
These cells lack the property of enhanced endocytosis or 
phagocytosis, expression of CD14 , Fc receptors and the 
leukocyte common antigen, CD4 5 [17] , making it very likely 
that they belong to the fibroblast lineage and are most 
probably f ibroblast-like intimal synoviocytes. When 
preparations of these cells are placed into culture, the 
preponderance of these cells loose expression of HLA-DR, but 
the stellate morphology remains, strongly suggesting an 
astrocyte morphology. However, the precise lineage and fate 
of the cells that express massive amounts of HLA-DR molecules 
have not been carefully traced, particularly with their 
relationship to the stellate synoviocytes that characterize 
rheumatoid arthritis samples and are most likely to be 
f ibroblast-like intimal synoviocytes. Moreover, it is not 
known whether these cells are efficient antigen-presenting 
cells. Zvaifler, et al . have also emphasized the increased 
percentages of true dendritic cells in the joint [18] . 

During the first three passages of these cells many of the 
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marked phenotypic alterations such as the expression of MHC 
class II molecules greatly diminishes, emphasizing the role 
of paracrine and cell interaction factors in inducing some of 
the phenotypic alterations found in the freshly isolated 
synoviocytes [17, 19] . However, the synoviocytes obtained from 
synovial tissue of individuals with rheumatoid arthritis [4, 
20, 21] and other disorders with marked degrees of intimal 
hyperplasia do not revert to an entirely typical fibroblast- 
like morphology and behavior, maintaining a complex phenotype 
that includes varying degrees of stellate morphology, enhanced 
growth, increased glucose consumption, altered adherence 
behavior, constitutive overproduction of metal loproteinases 
and the elaboration of proinflammatory cytokines [14, 15, 22, 
23] , as well as loss of contact inhibition [20] . 

The distinctive but not entirely uniform phenotype of the 
remaining cultured rheumatoid synoviocytes is not found in 
similarly cultured synoviocytes obtained from osteoarthritis 
synovia that have been shown to lack lining cell hyperplasia 
and any inflammatory cell infiltration [14 , 24] (Winchester 
unpublished observations) . There is postulation that the 
distinctive changes in synoviocyte phenotype observed in these 
cultured cell lines mirror certain similar events occurring 
in the inflamed synovium itself [11, 13, 22, 23, 25]. 

The pattern of gene expression in these cultured cells has 
been characterized in a series of studies [8, 11, 14, 26] . Two 
features of the cells exhibiting the distinctive phenotype 
were identified : The first is that cells exhibiting this 
phenotype are not specific for rheumatoid arthritis, as it is 
also demonstrable in cultures initiated from a number of 
different entities characterized by chronic inflammation, 
including psoriatic arthritis and cases of what was termed 
osteoarthritis, but presented considerable degrees of 
inflammation [13, 14]. The second feature is that the pattern 
of gene expression is similar, but not at all identical among 
samples from different inflammatory synovia. 



-41- 



There are four possible explanations for the distinctive 
phenotype and function of these long term cultured cells 
(table 2) . Each of these possibilities has a different 
implication in terms of whether the genes found to be 
overexpressed in these cultures are identifiable in the normal 
synovium . 



10 



fable 10.2 Four possible explanations for the discing phenotype of rheumatoid arthritis cultured synovial fibroblasts 



Disease-specific sustained modulation in gene expression 

Local paracrine regulation 

Phenotypic 'imprinting* 
Transformed cells 

Secondary to unidentified viral infection 
fj Normal intimal cell phenotype 

S - No^T^lfllnlf diffCrCnt ? rCC " ta S« of intimal v *™ subintimal cells in the synovial tissue 

Hi 1 5 NOmat mUmal Ceil P h "">*ype **d is dependent on genetic polymorph ism* arthritis susceptibility genes 



20 First, the phenotype could be a consequence of a disease- 
specific sustained modulation in gene expression in the 
intimal and subintimal fibroblast lineage cells of the joint 
that developed as a response to prolonged paracrine signaling 
through products of a local immune response as has been 

25 postulated in earlier work [11, 13, 14, 27]. This sustained 
modulation, analogous to a phenotypic imprinting process, 
would be clearly distinct from the paracrine mediated 
activation phenotype in that it does not decay quickly in 
culture. Rather the phenotype would be maintained as a 

30 sustained pattern of altered gene expression through many 
months of culture. The implication of this pattern is that 
neither normal fibroblast - like intimal synoviocytes, nor 
subintimal synoviocytes would have increased expression of 
genes found in both of these cell types in rheumatoid 

35 arthritis. 

A second possibility is that the cells are primarily 
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transformed as suggested by Gay and colleagues [28] , where 
there would be a disease specific nature of the distinctive 
phenotype . This viewpoint considers the disease of rheumatoid 
arthritis to result from an immune response against the agent 
5 responsible for the transformation, or a possible innate 
abnormal regulation of oncogene expression leading to a 
hyperprolif erating cell. The lack of disease specificity for 
the phenotype renders this otherwise attractive possibility 
more remote. The implication of this model is that normal 
10 fibroblast -like intimal synoviocytes and subintimal 
synoviocytes would not express these genes, and that it is 
likely that the overexpression pattern is specific for 
rheumatoid arthritis and not other chronic synovitides. 



L3 



%: 15 Thirdly, the distinctive phenotype observed in these cultures 
p could be the normal phenotype of the fibroblast -like intimal 

2 synoviocyte found in the normal joints in all individuals [8] . 

fK The differences in cultural phenotype between inflammatory and 

s non inflammatory synovitis would simply reflect the increased 

5l 20 proportion of fibroblast - like intimal synoviocytes compared 
□ to subintimal synoviocytes in the starting culture material 

J? obtained from a joint with intimal hyperplasia, as illustrated 

in figure 8. By parsimony, this more prosaic concept is the 
simplest of the explanations. The implication here is that 
25 normal fibroblast - like intimal synoviocytes, but not 
subintimal synoviocytes would express the genes found 
const itutively increased in cultured rheumatoid arthritis 
synoviocytes. In synovitis, the hyperplasia of fibroblast -like 
intimal synoviocytes would lead to a relative increased 
3 0 expression of genes that are normally more characteristic of 
the mesenchymal stem cell. 

The fourth possibility is essentially a variation of the 
third, with the important distinction that while the over 
35 expression phenotype reflects the starting phenotype of the 
individuals pre-arthritis intimal synoviocytes, this phenotype 
of genetically determined increased expression is 
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intrinsically abnormal because of the presence in the allele 
of a regulatory polymorphism that predisposes to 
immunologically-mediated arthritis. Thus, genes that are over- 
or under expressed in the intimal synoviocyte in arthritic 
5 disease are candidate genes for genetic polymorphisms defining 
the susceptibility state. A variation on this last possibility 
is the situation where the genetic abnormality arises 
somatically through mutation, rather than through the 
inheritance of alternate forms of germline genes. The 

10 implication of this model is that in the patient, unaffected 
joints containing normal fibroblast - like intimal synoviocytes 
would over express these genes before arthritis developed, but 
that the overexpression of these genes would be lacking, or 
reduced in entirely normal individuals without rheumatoid 

15 arthritis. 

Strategy for the identification of genes responsible for the 
distinctive phenotype and their relationship to intimal and 
subintimal synoviocyte lineages. To identify the genes 

20 responsible for the distinctive phenotype of the cultured 
synoviocytes obtained from a rheumatoid arthritis patient, a 
gene discovery approach has been taken that involves 
identifying genes similarly and differently expressed compared 
to a line derived from a selected osteoarthritis sample. Our 

25 recent approach was based on the construction of 
representational difference libraries [29, 30] that had been 
used to clone the differences between two complex genomes. 
It involves a cloning procedure with PCR amplification of cDNA 
to generate simplified representations of the expressed genes 

30 followed by a modified subtractive step and subsequent 
screening to facilitate the gene identification. 

A number of genes were identified in cultured synoviocytes 
obtained from both rheumatoid arthritis and osteoarthritis 
35 that were expressed at approximately the same or similar 
levels in each parent cell line on Northern or equivalent 
analyses. In light of the possibilities explaining the basis 
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of the dist inctive phenotype, we interpret these genes as 
being expressed in both fibroblast - like intimal and in 
subintimal synoviocytes. In contrast, other genes exhibited 
increased expression by Northern analysis in only the 
5 rheumatoid arthritis synoviocytes (figure 9) . Interpretation 
of this result implies that the genes found constitut ively 
overexpressed in the rheumatoid arthritis synoviocyte culture 
are expressed at high levels in fibroblast - like intimal 
synoviocytes and are primary markers of the phenotype of this 
10 lineage (table 3) . 

Table 103 Genes identified through a subtraction method differentially expressed in RA and OA fibroblast-like synovial cultures and correlation 
with their possible lineage origin 



Genes preferentially expressed in RA synovial cultures: 
intimal origin 



Genes expressed in both RA and OA synovial fibroblast culture: 
intimal and subintimal origin 



15 



Biglycam 

IFN-induced 56 Kd 

IFN-induced 71 Kd 2*5'-oligoadenylate synthetase 



.-B-crystallin 
B94 protein 

beta subunit of prolyl-4-hydroxylase 
Candidate sulphatase 
Cathepsin B 

Collagen alpha 1 type III 
Collagenase IV 
Complement Clr 
Complement Cls 
Complement factor B 
DNA-binding protein TAXREB10 
Elongation factor 2 
Epithelin 

Extracellular protein (SI-5) 
HLA-E heavy chain 
Interferon- IEFSSP5111 
Manganese superoxide dismutasc 
Milk fat globule protein 
Muscle fatty acid binding protein 
NMB protein 

Osteoblast specific factor 2 (OSF-2) 



subunit of GsGTP binding protein 



IGF-BP5 
Lumican 




ML2115 
ML2122 
SDF-1* ' 



20 



Semaphorin VI 
VCAM-1 



25 



35 



30 



Considering the pattern of gene expression to reflect cell 
lineage is the least biologically complex of the possible 
interpretations. However, whether this interpretation is 
correct for some or all of the identified genes will be 
determined by the results of studies designed to characterize 
their expression on normal and inflamed joint tissue samples, 
specifically distinguishing intimal from sub-intimal cells. 
At this moment immunophenotypic distinction between these two 
cell lines, or a simple method to differentiate them remains 
the subject of ongoing studies. 
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The specialized functions of the fibroblast- like intimal 
synoviocytes are mediated by either quantitative differences 
in the expression of genes found on other members of the 
f ibroblast-like lineage, or the qualitative expression of 
5 genes unique to the synoviocyte sublineage. The genes 
identified by the subtraction library method as differentially 
expressed in rheumatoid arthritis synoviocyte cultures are 
likely candidates for comprising the f ibroblast-like intimal 
synoviocyte phenotype [8] . These include differentially 
10 expressed chemokines like SDF-1, connective tissue matrix 
components like biglycan and lumican, adhesion molecules like 
VCAM-1 and other molecules of a less clear function in the 
_^ synovial tissue like semaphorin VI, Mac 2 -binding protein, IGF- 

BP5, interferon- inducible 56kd protein and interferon- induced 
ITf 15 71kb 25 oligoadenylate synthetase (table 3). Additionally, two 
2 genes that were not homologous to any known genes were 

HJ overexpressed in rheumatoid arthritis Synovial f ibroblast-like 

£ cultures (ML2122 and ML2115) . 



E~? 2 0 VCAM-1 had previously been identified by Edwards as being 
i5 expressed by normal f ibroblast-like intimal synoviocytes [2, 

*yD 6] , and this observation supports the interpretation that the 

J2; remaining genes found by the subtraction method are 

characteristic of fibroblast - like intimal synoviocytes. In 
25 addition, several other genes have been identified as being 
selectively, or more highly, expressed by f ibroblast-like 
intimal synoviocytes, either from staining patterns in normal 
or diseased synovial membranes or from cultured cells. These 
include other chemokines such as IL-8, RANTES, MCP-1 [8, 31- 
30 33], cytokines like TNF-a, IL-1, IL-6, GM-CSF [14, 34, 35], 

IL-11 [36, 37], metaloproteinases and other proteinases [13, 
38, 39], adhesion molecules like ICAM-1 [40-44], integrins 
[45] and CD44 [43, 46, 47] and co- stimulatory molecules like 
CD40 [48] (Winchester R., unpublished observations) (table 4). 

35 



A number of genes were similarly expressed in the rheumatoid 
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arthritis and osteoarthritis synovial fibroblast cultures, and 
likely are genes expressed by both cultured fibroblast - like 
intimal and sub-intimal synoviocytes. Among these genes are 
some involved in cellular and matrix turn-over like 
5 collagenase IV, genes involved in the inflammatory response 
like manganese superoxide dismutase, complement factor B, 
interferon-y IEF SSP 5111 and HLA-E heavy chain, and other 
genes with unknown function in the synovium like NMB protein, 
a-B crystallin, B94 protein and muscle fatty-acid-binding 
10 protein. Other genes have been shown to be either similarly 
expressed in synovial fibroblasts from patients with a variety 
of diseases or specifically expressed in both intimal and 
subintimal layer by in situ hybridization or staining with 
yp monoclonal antibodies (tables 3 and 5) . 

B 15 

p Chemokines, cytokines and growth factors 

Chemokines D The finding that a number of chemokines have been 

^ identified as being likely overexpressed by the fibroblast - 

q like intimal synoviocytes, including IL-8 [49], Gro-a [50], 

fU 20 MCP-1 [31, 49] , MlP-la [51] and SDF-1 [8] directs attention 

to the role of these molecules in the normal synovium, 
rj Moreover, it is of interest whether they could participate in 

^ fostering the localization or intensification of an autoimmune 

or immune response into the joint. 

25 

Expression of chemokines and their receptors has been 
demonstrated to have a critical role in the regulation of the 
attachment of leukocytes and endothelial cells, and in their 
passage into the tissues [52, 53] . For instance, leukocyte 
30 egress from blood vessels occurs in four identifiable stages 
[54] (Figure 7). During most of these stages, chemokine 
receptor expression in the leukocytes is critical in 
regulating directed leukocyte egress. 



35 



Among chemokines, SDF-1 is one of the most efficacious in T 
cell and monocyte migration [52] . Both CD4+ and CD8 + cells, 
as well as CD45RA+ naive and, less effectively, CD45RO+ memory 
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T- lymphocyte subsets in peripheral blood are subject to SDF-1 
chemoattractive effects [55] . Similarly, monocyte -lineage 
dendritic cells acquire CXCR4 upon induction with GM-CSF and 
IL-4 [56] . Additionally, SDF-1 is an important B cell 
5 developmental and maturation factor, as revealed by the 
observation that mice lacking SDF-1 show defects on B-cell 
lymphopoiesis and bone marrow myelopoiesis [57] . 

The SDF-1 receptor, CXCR4 , is a seven- transmembrane -spanning, 

10 G-protein-coupled receptor and is a co-receptor for T-cell- 
line tropic human immunodeficiency virus HIV-1. CXCR-4 is 
constitutively expressed by quiescent, resting EC. A similar 
phenotype was identified in both SDF-1 and CXCR4 knock-out 
mice [57, 58] . Cytokine stimulation studies revealed that bFGF 

15 upregulates endothelial CXCR-4 expression, whereas TNF-a 
downregulates it. In addition to the abnormalities seen in the 
SDF-1 knock-out, mice lacking CXCR4 also have defective 
formation of the large vessels supplying the gastrointestinal 
tract, defective in vascular development, and show many 

20 proliferating granule cells invading the cerebellar anlage, 
suggesting the involvement of the SDF - 1 / CXCR4 system in 
neuronal cell migration and patterning in the central nervous 
system . 

25 The chemokine receptors CXCR3 and CCR5 , recently described to 
be preferentially expressed in Thl T cells [59] , are expressed 
in the majority of the synovium infiltrating T cells in 
rheumatoid arthritis [60] . In contrast, CXCR4 , the SDF-1 
receptor, does not appear to be preferentially expressed in 

3 0 Thl or Th2 cells, but is preferentially expressed on na»ve 
cells. IP- 10, one of the chemokine ligands for CXCR3 , is 
produced by synovial fibroblast cultures in response to IL-1 
and TNF [61] . Mig, another CXCR3 binding chemokine, has not 
been .studied in the rheumatoid synovium. The CCR5 chemokine 

35 ligands RANTES [33, 62], MlP-la [51, 62] and MIP-1(3 [62] have 
been described as overexpressed in the rheumatoid arthritis 
synovium. Furthermore, antibodies to RANTES ameliorated 
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adjuvant- induced arthritis in rats [63] . The production of 
chemokines by synovial fibroblasts, the fact that the 
infiltrating lymphocytes express the corresponding receptors 
and are likely Thl cells, and the improvement of arthritis in 
5 experimental animal models using ant i -chemokine therapy 
support the concept that chemokines have an important role in 
the localization of T cells and the inflammatory process to 
the synovial membrane . 



10 We speculate that the production of SDF-1 by fibroblast - like 
intimal synoviocytes in the normal joint could act as a 
guidance cue for the continual entrance into the intimal 
synovial membrane of monocyte lineage precursors committed to 
^ differentiation into phagocytic lining cells or to progress 

U] 15 through normal differentiation pathways [8] . Similarly SDF-1 
2 and other chemokines elaborated by the normal synoviocytes may 

G act to enhance the ingress of lymphocytes into the joint 

=F tissues to facilitate increasing innate and acquired immune 

surveillance in the synovial cavity. These same mechanisms may 
p 2 0 be relevant to the immune response of rheumatoid arthritis in 
LJf two ways: first, the chemokines may attract an autoimmune 

gp response in the synovial intima, although it is not driven by 

y an antigen uniquely expressed there. Second, the chemokines 

~ may modify the responsiveness and organization of the ongoing 

2 5 autoimmune response and cells related to it such as dendritic 
cells. Furthermore, since these genes are const itutively 
expressed as part of normal physiologic properties of the 
cells, it is likely that regulatory or suppressor mechanisms 
exist to normally protect the joint from developing a chronic 
30 inflammatory process. Abnormalities in those regulatory 
pathways, especially those that occur through genetic 
polymorphisms could have a fundamental role in disease 
susceptibility . 



+ 
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Table 10.4 Genes differentially expressed in cultured rheumatoid fib rob last-like inrimal cells, their chromosomal location, their relationship with 
susceptibility loci mapped in rheumatoid arthritis and with homologous loci regulating experimental arthritis in rats. 



Genes 



Human chromosome 



RA susceptibility loci* 



Arthritis loci in rats 



10 



Cytokines 

IL-1 

IL-6 

IL-11 

IL-15 

TNF-a 

GM-CSF 

TGF-0 

Chemokines 

SDF-1 

RANTES 

MCP-1 

MlP-la 

IL-8 

MMP 4 , proteases and inhibitors 

MMP-1 {collagenase) 

MMP-2 <gelatinase A) 

MMP-3 (stromelysin) * < 

MMP-1 0 (stromlysin 2) 

MMP-13 (collagenase 3) 

Cathepsin B 

Cathepsin L 

Cathepsin S 

TIMP-1 

TIMP-2 



2ql2 
7pl4 

19ql3.3^ql3.4 
4q31 

6p21.3-21.1 
5q23.1-23.3 
6~pll.l 



lOqll.l 
17qll.2-ql2 
17qll.2^12 
17qll-q21 
17q24 .2-24.3 



llql4.2 

16ql2.1 

llql4.2 

Uql4.2 

llql4.2 

3p21.1 

9q21.2 

lq21.1 

Xpll.4-qlia 
17q25 



Cornells 



Cia3> Aia3 
Cia2 

Cial.Aial, Oial 



CiaS. Oia3 
CiaS, Oia3 



Cia2 



Cia2 
Cial 
Cial 



2 0 Oncogenes and transcription factors 
Myc 
Fos 
Jun 

NF-lcappaB P 50/p65 



8q24, 12-q24 ( 13 
14q22-q23 
lp31.1-22.3 
4q24/llql3 



Cia3 



25 



Matrix compounds 

Btglycam 

Lumicam 

Adhesion Molecules 

VCAM-1 

CD44 



Xq28 
12q21.3 



lpl3.3-pll 
llptcr-pl3 



Cornells 



Ciatf 
CialO< 



30 



Others 

CD40 

HLA-E 

Igf-bp5 

Mac-2BP 

Scmaphorin VT/E 

IFN-inducible 56kd b 

IFN-inducible 71kd 2'5* oligo a.s. b 



20ql2-ql3.2 

6p21.3-p21.1 

2q33-q34 

17q25 

7q21 

10q22.3 

12q21.3-q22 



Cornetis 



Cial, Aial, Oial 

Aial 
CiaS* 



a Cia s collagen* induced arthritis; Aia = adjuvant-induced arthritis; Ota = oil-induced arthritis, 

b IFN s interferon; oligo a.s. = oligoadenylate synthetase. 

c Suggestive of linkage; d MMP = matrix metaLloproteinase, TIMP = tissue inhibitor of mecaJlo proteinase, 

e Cornells = Comelis et al. 1998; f = Dracheva et at. y unpublished observations. 
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Table 10*5 Partial list of genes expressed by fibroblast-like synoviocytes* 



10 



15 



20 



25 



30 



35 



Matrix components 
Collagen I 
Collagen HI 
Collagen IV 
Biglycam 
Laminin 
Lumicam 
Perlecam 
Hyaluronan 
Ftbronectin 
Proteoglycans 
Glycosaminogl yeans 

Metalloproteinascs, other proteinases and inhibitors 

MMP-1 (collagenase) 

MMP-2 (gelatinase A, collagenase 4) 

MMP-3 (stromelysin) 

MMP-10 (stromelysin 2) 

MMP-1 3 (collagenase 3) 

Cathcpsin B 

Cathepsin L 

TIMP-1 

TIMP-2 

Cell-cell, cell-matrix interactions, receptors 

Mac2-binding protein 

VCAM-1 

ICAM-1 

ICAM-2 

alpha-alpha 6 integrins 

betal, beta4 integrins 

PECAM/CD31 

CD44 

IGF-BP5 

Cadherin-11 

Plasminogen receptor 

Cytokines and growth factors 

IL-1 

IL-6* 

IL-15 

IL-11 

TNF-a 

GN-CSF 

bFGF 

TGFb 

PDGF 

Semaphorin WE 
Oncostatin M 
LIF 

Chemokines 

SDF-1 

MlPla 

MCP-1 

IL-8 

RANTES 
GRO-a 



Co-stimulatory molecules 
CD40 

Complement 
Complement Clr 
Complement Cls 
Complement factor B 

HLA genes and activation markers 

HLA-A, B, C 

HLA-DR 

HLA-DQ 

HLA-E heavy chain 

Interferon-gamma IEF SSP 5111 

EFN-induced 71 kDa 2*5*-oligoadenyiate synthetase 

IFN-induced 56 kDa 

Oncogenes and transcription factors 
NF-kappaB 

c-Jun * " ' 

c-Fos 

Sis 

c-Myc 

Egr-2 

Ras 

Apoptosis regulatory genes 

P53 

FAS 

Bcl-2 

Other inflammation-related genes 

Manganese superoxide dismutase 

Coxl 

Cox2 

PGE-2 

Neurohormones 
Substance P 
Parathyroid hormone 

Others with unclear function in the synovium 
Adrenomodulin 

a subunit of GsGTP binding protein 

a-B-crystalline 

B94 protein 

& subunit of prolyl-4-hydroxylase 
Candidate sulphatase 
DNA-binding protein TAXREB10 
Elongation factor 2 
Epithelin 

Extracellular protein (SI-5) 
Milk fat globule protein 
ML2115 
ML2122 

Muscle fatty acid binding protein 
NMB protein 

Osteoblast specific factor 2 (OSF-2) 



a The character of this chapter does not permit the coverage of all the genes expressed by synovial fibroblasts. Most of these genes arc referenced in the texr. 




-51- 

Increased expression of several cytokines including TNFa, IL- 
1, IL-6, IL-11, IL-15, GM-CSF, TGFp , PDGF and bFGF by 
fibroblast -like intimal synoviocytes has been demonstrated 
[13, 14, 35-37, 64-69] . 

5 

Cytokines have key functions in altering the pattern of gene 
expression and consequently cell function at several levels 
in the activation of the endothelium, in the regulation of the 
immune response, including immune deviation between TH1 and 
10 TH2 , and on cells in the area of an onging immune response. 

Some of these effects are on cell-cell and cell-matrix 
interactions, while other effects may affect different cell 
£3 functions. Some of these alterations mediate cartilage damage. 

}5j The migration of a given inflammatory cell into the synovium 

15 is not a random event but one determined by the prior 
£3 immunologic history of the particular cell as well as that of 

Z: the endothelium. The increased production of certain cytokines 

gi like IL-1 and TNF-a has been shown to activate the endothelium 

and to initiate overexpression of certain adhesion molecules. 
?y 20 This would affect phases 2, 3 and possibly 4 in the diagram 
O of directed cellular egress (figure 10) . Accordingly, the 

S increased activation status of the endothelium in concert with 

p increased chemokine production could highly facilitate the 

localization of inflammatory and autoimmune cells to the 
25 synovial membrane, further perpetuating the disease process 
and tissue injury. A similar failure in the normal suppressor 
regulatory pathways proposed above could also operate to 
release an unopposed pro- inflammatory cytokine production. 
Some selected examples follow: 

30 

IL-1 induces the expression of more IL-la and IL-1|3, in a 
positive feedback loop [70] . IL-1 also induces transcriptional 
activation of protein kinase C, and by a separate pathway 
induces the synthesis of PGE 2 [VI] . This latter response is 
35 much greater when rheumatoid arthritis fibroblast- like cells 
are used instead of cells from osteoarthritis synovia and the 
response is potentiated by PDGF and certain other polypeptide 
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growth factors, suggesting that f ibroblast-like intimal 
synoviocytes are the source of increased amounts of this 
cytokine [72] . These two pathways initiated by IL-1 also 
converge to regulate the transcriptional activation of 
5 stromelysin. IL-1 induces fibroblast- like synovial cell lines 
to increase IL-6 gene expression, by an incompletely defined 
pathway that is suppressed by corticosteroids [68] . Similarly 
IL-8 expression is induced by the addition of IL-1 or TNFa 
[73] , although to much lower levels than those elaborated by 
10 synovial monocytoid cells from rheumatoid arthritis samples. 

IL-1 induces the expression of GM-CSF mRNA with a maximum at 
4 hours [66] . IL-1 also induces the production of fibronectin 
and types I and III collagen [74] . 

Ln 15 TNFa is produced by fibroblast - like intimal and subintimal 
~ synoviocytes, and by synovial monocytes/macrophages, and among 

%j several functions it is capable of inducing fibroblast - like 

jj intimal synoviocytes cellular proliferation, matrix 

~ >fc metalloproteinases (MMP) [75] and cathepsin production [76] . 

£3 20 As with IL-1, the addition of TNFa to fibroblast - like cell 
cultures induces the expression of GM-CSF [66] . A number of 
studies have documented the importance of TNF in the 
development of arthritis, including a TNF- transgenic mouse 
that develops chronic arthritis [77] , and the significant 
25 improvement of disease with agents .targeting TNF [78-80] . 

IL-6, a cytokine with effects on B-cell differentiation, is 
constitutively expressed in synovial fibroblasts obtained from 
rheumatoid arthritis patients [14, 34] . This cytokine appears 
30 critical to the development of a pathway leading to arthritis 
in mice, as gene- targeted mutation prevents disease [81] . IL- 
6, particularly in the presence of soluble IL-6 receptor, 
induces synovial fibroblast proliferation and IL-1 production 
[82] . However, IL-6 does not appear to directly induce MMP 
35 expression [83] ; On the contrary, IL-6 can a potent inducer 
of TIMP-1 [84, 85] . IL-6 regulates osteoclast activity and 
through this mechanism perhaps participates in the bone loss 
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and in the erosive process seen in RA. Other molecules of the 
IL-6 family like oncostatin M, leukemia inhibitory factor 
(LIF) and IL-11 have been reported by other groups to be 
differentially expressed in synovial fibroblasts of rheumatoid 
5 arthritis compared to osteoarthritis [67, 86] , again 
suggesting that they are constitutively produced by 
f ibroblast-like intimal synoviocytes. Oncostatin M, but not 
IL-6 or LIF, increased MMP-1 [87] , particularly in the 
presence of IL-1 [88] . In addition, Oncostatin M [88] and LIF, 
10 like IL-6, are able to induce TIMP-1 expression in synovial 
fibroblasts [85] . 

Interestingly, both IL-6R and LIFR map to an interval in the 
human genome syntenic to an interval where a non MHC arthritis 
U1 15 severity regulatory locus has been mapped in collagen- induced 
5 arthritis, suggesting that these genes are candidate 

susceptibility/severity genes [89] . 

s' IL-15 is another cytokine produced by synovial fibroblasts 

Q 20 (Mclnnes , personal communication) capable of activating T 

m cells in the absence of IL-2, as well as inducing TNFa 

y3 production [90] . Furthermore, it is also a potent chemotactic 

factor for leukocytes to migrate into the synovial membrane 
[69, 90] . GM-CSF, a growth- factor produced by fibroblast - like 
25 intimal synoviocytes, is important for the maturation and 
homing of macrophages and dendritic cells, and it is produced 
by normal and rheumatoid arthritis f ibroblast-like intimal 
synoviocytes [13, 91] . A recent study of collagen- induced 
arthritis in GM-CSF knock-out mice described significant 
30 resistance to disease, despite evidence for T and B cell- 
mediated autoimmune responses [92] . This suggests that GM-CSF, 
like SDF-1 and other cytokines and chemokines produced by the 
f ibroblast-like intimal synoviocyte, may not be necessarily 
directly involved in the genesis of the autoimmune response, 
35 but instead, operate to localize this systemic autoimmune 
response to the joint. 
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TGF-p "is widely distributed in the rheumatoid synovium, 
predominantly located in the lining cell layer and in the 
perivascular lymphoid aggregates. Both f ibroblast-like and 
monocytoid lineage cells expressed this growth and 
5 immunoregulatory factor [93] . If TGF- 3 is synthesized in an 
attempt to downregulate the inflammatory and destructive 
processes it apparently does not fully succeed in this task. 

The overexpression of the semaphorin VI, human homologue of 
10 mouse semaphorin E by synovial fibroblasts [8, 94] is 
intriguing because the semaphorins are a family of 
transmembrane signaling and secreted guidance glycoprotein 
molecules that are implicated in directing axonal extension 
and operate broadly in neuronal patterning [95] . However, in 
15 view of the relatively small number of axons in the synovium, 
it seems unlikely that the physiologic role of the semaphorin 
VI molecule is to signal through an axonal receptor. Indeed 
its expression has been observed in a wide variety of tissues 
such as the heart, skeletal muscle, colon, small intestine, 
20 ovary, testis, and prostate. This suggests strongly that the 
semaphorins may have a function other than in guidance of 
axon, and preliminary evidence suggests that semaphorin VI 
plays some role in chemotaxis of monocytes and their 
differentiation. Its function on fibroblast - like cells is to 

2 5 be determined. It is noteworthy to point out that neuropilin, 

a receptor for semaphorin, is expressed on vascular 
endothelial cells. Neuropilin expression is upregulated by 
TNF-a and implicated in angiogenesis as a co- receptor of VEGF. 
Previously, other molecules initially identified in the 

3 0 central nervous system were found in the synovium and 

described as having pro- inflammatory properties , like 
substance P, CRH and others [96] . Therefore, it seems 
reasonable to speculate that in addition to chemotaxis, 
semaphorin VI may also have a direct role in the local 
35 inflammatory process. Semaphorin may, however, play other 
roles as its identity as a multidrug resistance element and 
loss in certain tumors suggests. [97, 98] 
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Several molecules expressed by fibroblast - like intimal 
synoviocytes appear to be candidates for mediating cell -cell 
interactions involved in the histogenesis of the normal 
synovium. These include monocytoid- fibroblast - like and 
5 f ibroblast-like-f ibroblast- like synoviocyte interactions . 
Some of these genes have a well defined role in cell -cell 
interaction, while others have the potential to act as cell 
interaction receptor- ligand systems, but also have other 
actions . 

10 

Among the well recognized adhesion molecules and receptors 
differentially expressed in the rheumatoid fibroblast - like 
intimal synoviocytes are VCAM-1, a HOkd member of the 
y immunoglobulin gene superfamily, and Mac-2 binding protein 

15 (Mac-2BP) , also termed 90k tumor associated protein. Both 

y VCAM-1 and Mac-2BP exhibit properties that suggest they could 

Cj mediate heterotypic and homotypic binding of monocyte -lineage 

«P intimal synoviocytes to f ibroblast-like intimal synoviocytes. 

VCAM-1 has been previously described as markedly increased on 
q 20 rheumatoid arthritis synoviocytes [6, 25] and it binds 
^ circulating monocytes and lymphocytes expressing the a4§l 

% (VLA-4) integrin. 

^ Mac-2BP, a heavily N-glycosylated secreted protein which binds 

25 stoichiometrically to the macrophage associated lectin Mac-2 
(galectin-3) [99, 100], has been shown to increase in the 
serum of cancer and HIV positive patients, suggesting an 
implication of its participation in some aspects of immune 
reaction. Mac-2BP also binds to the monocyte CD14 structure 
30 in the presence of LPS and LPS-binding protein [101] . Binding 
of Mac-2BP to these receptors initiates monocyte lineage cells 
to secrete IL-1 [102] . 

Similarly, these molecules could attract and facilitate 
35 interaction with and activation of monocytes. For example, 
Mac-2BP that induces homotypic monocyte aggregation and 
activation [100] could be a factor present in supernatants 
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from cultured rheumatoid arthritis synoviocytes that induces 
blood monocytes to form giant cells [103] . Thus, along with 
the variety of genes that mediate the well recognized effector 
functions of matrix remodeling and tissue destruction [74] , 
the genes expressed by the mesenchymal cells of the joint may 
affect antigen non specific immune localization or 
amplification mechanisms that could play a role in the 
puzzling phenomenon of why localized joint inflammation 
develops in many disparate diseases in the setting of immune 
responses that apparently have little to do with the joint. 



Cadherin-ll was recently reported to be expressed in 
rheumatoid arthritis synovial fibroblasts [104] . Cadherin may 
participate in the mediation of homophilic adhesion between 
15 synoviocytes. All of the cell-cell interaction have the 
important potential of reverse signaling which could influence 
synovial proliferation and pannus invasion into cartilage or 
could engage in a heterophilic interaction that anchors 
lymphocytes within the synovial membrane. 



In view of the unusual situation of the intimal synoviocyte 
to delimit a fluid environment from a typical connective 
tissue matrix, the typical fibroblast -matrix interactions with 
collagen and other fixed fibrillar structures occur in a 
polarized manner on one side of the cell, and likely 
necessitate a polarized localization of the gene products. 
Although the precise polarization of gene products has not 
been studied, several matrix component genes exhibited a 
pattern of expression suggesting that they are constitutively 
30 produced by f ibroblast-like intimal synoviocytes. Lumican was 
identified as likely to be constitutively expressed by 
f ibroblast-like intimal synoviocytes. [8]. Lumicans role in 
the synovium is not understood. However, its role in corneal 
transparency [105] , and in inhibition of macrophages adhesion 
35 to intact corneal keratan sulfate proteoglycans are of 
interest. Keratan sulfate chains modulate the biologic 
activity of this molecule. After the removal of the keratan 
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sulfate chains, macrophages rapidly attach to the lumican core 
protein [106] . Although the state of the keratan sulfate 
chains in the synovial lumican molecule is unknown, this 
observation suggests some species of lumican could also act 
to localize macrophages to sites of the synovium. 

Biglycan, another gene likely to be const itutively expressed 
by f ibroblast-like intimal synoviocytes, is a dermatan 
sulfate-proteoglycan. It is both induced by TGF-p, and binds 
TGF-p [107] suggesting that biglycan may down regulate TGF-p 
activity by sequestering this growth factor in the 
extracellular matrix. IL-6 stimulates the expression of 
biglycan, while TNF-a depresses its expression [108] . 

Hyaluronan is an abundant constituent of the extracellular 
matrix and is especially increased in the synovial fluid. Both 
high and low (fragments) molecular weight forms bind to CD4 4 . 
Recent studies have demonstrated that in alveolar macrophages 
lower molecular weight hyaluronan fragments induce the 
production of chemokines like IL-8 and MlP-la through its 
receptor CD44, while the high molecular weight inhibits 
chemokine production [109] . CD44 is predominantly expressed 
by intimal, as opposed to subintimal, fibroblast - like 
synoviocytes [46, 47]. Although this pathway has not been 
extensively studied in fibroblast - like intimal synoviocytes, 
one could envision similar effects in the synovium. It is also 
conceivable that a similar concept may apply to other matrix 
components. For instance, if intact and large matrix 
components predominate in the synovium, representing absence 
of injury, a chemokine/cytokine inhibitory signal would 
predominate. On the other hand, when traumatic or inflammatory 
injury occur, signaling through hyaluronan f ragments-CD44 , and 
maybe through biglycan, lumican or other component fragments 
and other receptors, would activate a pro-inflammatory 
response to remove cellular debris, or fight an infection. 



IGFBP5 (insulin- like growth factor binding protein- 5) appears 
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to be very strongly expressed by fibroblast - like intimal 
synoviocytes [8] . It is an important regulator of fibroblast 
growth that increases IGF-1 binding to the fibroblast 
membrane by attaching to the extracellular matrix proteins, 
types III and IV collagen, laminin and fibronectin [110] . 
IGFBP5 may have an ant i - inflammatory role that opposes the 
effect exhibited by and TNF-a of stimulating proteoglycan 

degradation and decreasing proteoglycan synthesis [111] . The 
observation that IGFBP5 is further induced by exposure of 
cells to prostaglandin E2 [112] is of interest with respect 
to the pattern of morphologic changes and gene activation 
observed in synoviocyte cultures after the addition of this 
agent [74] . 

Of some interest, a novel gene in the sulfatase family, not 
previously identified in any libraries, primarily prepared 
from non synovial sources, was identified in both fibroblast - 
like intimal synoviocytes and subintimal synoviocytes [8] 
This gene has a high degree of homology with a chondroitin 
sulfatase found in C. elegans and could have an interesting 
role in synovial matrix biology. 

Other proteoglycans and glycosaminoglycans are produced by the 
synovial fibroblast, and the reader is referred to 
comprehensive book chapters or review articles [5] 

The level of tyrosine phosphorylation is elevated in 
rheumatoid arthritis synovia compared to that found in 
osteoarthritis synovia, suggesting that these cells are 
experiencing a high degree of activation of diverse signaling 
pathways. These pathways are analogous to that induced by 
src. C-fos expression is elevated [113] and so are several 
other activation-related genes (see table 5) . Two recently 
described genes that are differentially expressed in 
rheumatoid arthritis synovial fibroblast cultured cells are 
interferon-induced, and markers of cellular activation. One 
is the 71kd 20-50 oligoadenylate synthetase, a subunit of one 



of several interferon- induced enzymes that, when activated by 
double -stranded RNA, converts ATP into 2»-5 f linked oligomers 
of adenosine [114] . The second is the interferon- inducible 
56kd protein, which has unknown function, but in common with 
20- 50 oligoadenylate synthetase is strongly induced by 
interferons [115] . 

The expression of these two genes directs attention to the 
presence of activation-like features in the phenotype of the 
rheumatoid arthritis synoviocytes. Whether the expression of 
these genes is found in quiescent normal fibroblast - like 
intimal synoviocytes, whether they reflect a type of OmemoryO 
of being harvested from a site of immune inflammation, or 
whether this is a lineage specific response of fibroblast -like 
intimal synoviocytes to in vitro culture conditions remains 
to be studied. We favor the last possibility as the most 
likely explanation, reflecting a higher degree of 
responsiveness in these cells to environmental effects that 
could parallel their response of hyperplasia in joint injury 
and inflammation. Although some genes related with cell 
activation continue to be expressed in cultured synoviocytes, 
others like HLA-DR appear to be more dependent on the synovial 
tissue pro- inflammatory environment, and become greatly 
reduced after 2-3 passages [116] 

There are many differences between the levels of mRNA for a 
variety of genes that are evident between whole synovial 
tissues obtained from rheumatoid arthritis and osteoarthritis 
patients. In previous studies, a dot blot assay format using 
a labeled cDNA probe based on total tissue mRNA enabled 
parallel quantitation of the amount of message from multiple 
MMP and other Zn- independent protease genes. mRNA levels for 
stromelysin, collagenase and cathepsin D along with TIMP-1 are 
elevated in the representative rheumatoid arthritis sample 
[13, 14]. Normally, these enzymes can attack all of the 
elements of connective tissue, participating in histogenesis, 
physiologic remodeling or pathologic destruction [117] . All 
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are synthesized as proenzymes that are activated by 
proteolytic cleavage. They are of particular interest to the 
mechanism of synovitis because firstly they are induced from 
very low basal levels by a variety of cytokines and growth 
factors but are also constitutively expressed by a variety of 
transformed cells. The mesenchymal cell variety of 

collagenase has been strongly implicated in synovitis by the 
finding that its mRNA is expressed at high levels in the 
synovial lining [118] . The identification of abundant 
collagenase at the protein level in the vicinity of erosions 
but not in equivalent abundance in other regions of the 
synovium suggests that it may play a special role at these 
sites [119] . As with other metalloproteinases, especially 
stromelysin, collagenases are a major product of fibroblast- 
like intimal synoviocytes [120] .The primary action of the 
stromelysin is to cleave proteoglycan core and link proteins, 
fibronectin, elastin and procollagens I, II and III, thereby 
mediating the remodeling of most of the matrix components 
other than collagen. Stromelysin also participates in 
collagenase activation [121] . Stromelysin mRNA is strongly 
expressed in rheumatoid arthritis fibroblast - like intimal 
synoviocytes cells [118] Ritchlin, 1991 #1214]. 
Immunohistochemical staining reveals that stromelysin protein 
to be present in fibroblasts and endothelial cells [71] , as 
well as in monocyte lineage lining cells using in situ probing 
[39] . Using in situ hybridization collagenase mRNA was co- 
localized with that for stromelysin suggesting that the 
production of these two metalloproteinases is coordinated [3 9, 
118] . 

The cysteine proteinase cathepsin L, which is one of the major 
Ras-induced proteins in Ras-transf ormed cells, is also 
identifiable in half of rheumatoid synovia, being localized 
to the f ibroblast-like intimal cells [28] . In contrast, 
cathepsin B was identified in both fibroblast - like intimal 
synoviocytes and sub intimal synoviocytes [8] . 
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The activated metalloproteinases bind stoichiometrically to 
a 2 -macroglobulin in the plasma, but their major regulation 
after activation is through the two tissue inhibitors of 
metalloproteinases, TIMP-1 and TIMP-2 [122, 123] . These are 
two homologous molecules that are secreted in a highly 
regulated manner by cells elaborating metalloproteinases. The 
TIMPs also stoichiometrically bind to the metalloproteinases 
[12 2] . The expression of TIMP was found in the same regions 
where stromelysin and collagenase are expressed, but was much 
greater in the osteoarthritis synovial tissue compared to 
rheumatoid synovial tissue [39, 124] . It appears that the 
ratio of synthesis of TIMP to specific metalloproteinase is 
a critical index of the potential of a tissue to mediate 
matrix remodeling . In cultured synoviocytes from 
osteoarthritis patients there is a much higher average ratio 
of TIMP to stromelysin than is found in rheumatoid arthritis 
[125] . This suggests that f ibroblast-like intimal synoviocytes 
are likely characterized by a higher ratio of MMP to TIMP than 
in sub intimal synoviocytes. 

Operation of genes in the normal synovium to attract an immune 
response into the joint. Taken together, the phenotype of the 
f ibroblast-like intimal synoviocyte contains an intriguing 
array of gene products. Some of these are shared with sub 
intimal synoviocytes, while others are differentially or 
selectively expressed in the intimal synoviocyte. Many of 
these gene products have the potential to be involved in 
normal joint histogenesis and organizing immune surveillance 
of the joint cavity. However, the other face of this pattern 
of gene expression is that these same molecules could act to 
foster localization of an ongoing immune response to the 
joint. Some of these gene products could deviate the immune 
response as well as intensify it. Monocytoid intimal 
synoviocytes could serve as antigen presenting cells with 
functions that might verge on those provided by dendritic 
cells. Moreover, this combination of cell types could provide 
the milieu appropriate for a form of secondary lymphoid 
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aggregation outside the regulatory structure of the normal 
lymphoid organ. Thus taken together the phenotype of the 
lining cells could act powerfully in the afferent limb of 
disease development by converting an autoimmune response into 
an autoimmune disease. 

Interestingly, the chemokine receptors expressed by T cells 
infiltrating the rheumatoid synovium have been described as 
markers for Thl cells and na»ve T cells as well as certain 
dendritic cell subsets. It is conceivable that in the normal 
synovium similar T cells and dendritic cells would be 
trafficking through the joint as a part of normal 
immunosurveil lance and remain because the lining cell 
environment is favorable for continued stimulation of the 
clone . 

Additionally as discussed by Edwards, some of the genes 
required for germinal center formation, like VCAM-1, an 
important ligand for B cells, are expressed by synovial 
fibroblasts and may have a role in the formation of germinal 
centers in the inflammatory synovium. Based on these data it 
appears that normal fibroblast- like intimal synoviocytes can 
support the development of germinal centers, B cell migration 
and affinity maturation. For example, an additional action of 
SDF-1 at higher concentrations could be the facilitation of 
earlier stages of peripheral B-cell development in the 
synovial milieu that are relevant to the presence and 
maturation of abundant B-cells in the rheumatoid synovium and 
to their production of rheumatoid factors [126] . Furthermore, 
several additional molecules produced by the synoviocyte can 
interact to facilitate other aspects of B-cell development. 
IL-6, a cytokine with effects on B-cell differentiation, is 
const itutively increased in synoviocytes obtained from 
rheumatoid arthritis patients [14] and its synthesis by 
monocytes is induced by Mac-2BP, as described above. 
Interleukin 7-dependent proliferation of pre-B cells is also 
enhanced upon exposure to biglycan [127] . 



Hyperplasia 

Hyperplasia In addition to the likely role of the fibroblast- 
like intimal synoviocyte in facilitating the afferent limb of 
the development of the autoimmune response underlying 
synovitis, the intima also plays a major part in the loss of 
function and joint destruction that characterize fully 
developed rheumatoid arthritis. A feature of the rheumatoid 
synovium is the marked hyperplasia of the lining layer and the 
apparent invasion and destruction of cartilage and other joint 
structures by the mesenchymally-derived fibroblasts and the 
bone marrow derived monocytoid lineage cells. The cell biology 
of this response is covered in two chapters (apoptosis and 
cartilage destruction) . The changes in the lining during 
hyperplasia include a massive increase in the number of 
f ibroblast-like intimal synoviocytes and an altered cell-cell 
relationship with the monocytoid lineage synoviocytes . In 
fact, in a parallel to synovial hyperplasia there is also loss 
of contact inhibition of rheumatoid arthritis cultured 
synovial fibroblasts with a disorganized accumulation of cells 
[4, 20, 24] . We interpret this as a reflection of the normal 
biology of the f ibroblast-like intimal synoviocyte revealed 
by its response to culture conditions. 

In rheumatoid arthritis, it is unknown whether initiation of 
the autoimmune response and its localization to the joint 
occurs in the setting of entirely normal intima, or whether 
minor degrees of non-specific hyperplasia could play a role 
in localizing an immune response into the joint through the 
repertoire of immunologically relevant molecules expressed by 
these cells. Hyperplasia could be initiated by a non-specific 
minor traumatic event or even driven by a local immune 
response to a common pathogen, and the constitutive production 
of such chemokines might provide a non antigen-specific 
mechanism for localizing potential pathogenic immune responses 
to the j oint . In other words , the production of such 
chemoattractant molecules would be part of the normal function 
of the f ibroblast-like intimal synoviocytes and would have 
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increased transcription when either activated or subjected to 
an inflammatory imprinting, or when the number of cells 
increase . The unusual behavior of fibroblast - like intimal 
synoviocytes in culture may reflect this behavior. 

Hyperplasia appears to be an intrinsic response of intimal 
synoviocytes to injury and healing. Apparently in response to 
the events initiated within the T-cell compartment of the 
joint tissues, the synovial membrane undergoes this striking 
change in its form and in its pattern of gene expression. It 
is transformed from a nutritive tissue into one that is the 
central agent of joint destruction, most notably focussed on 
causing injury to the cartilage through expression of enhanced 
levels of degradative enzymes and through secretion of 
cytokines that can act to alter the pattern of gene expression 
in the chondrocyte. This alteration in the synovium involves 
a massive influx of monocyte -lineage cells and extensive 
neovascularization as well as marked hyperplasia of the 
intimal synoviocytes, likely mediated, in part, by genes 
described above . Three sets of biologic events are evident : 
1. The intrinsic biology of the f ibroblast-like intimal 
synoviocyte, where increased cell number simply is reflected 
as increased local concentration of mediators and cell surface 
molecules , 2 . The pathways of mutual interaction of 
f ibroblast-like and monocytoid intimal synoviocytes, and 3 . 
Paracrine influences of the products of the autoimmune 
response on the intimal synoviocytes. It is possible that the 
loss of normal cell-matrix signals due to hyperplasia and its 
replacement by more extensive cell-cell receptor interactions 
result in reverse signaling that leads to a perpetuation of 
the hyperplasia . 

However, the question remains as to why is it that this 
physiologic process performed by the synovial fibroblasts gets 
out of control leading to massive cell proliferation and 
invasion of cartilage? Although a definitive response for 
this question is not presently at hand, it has been recently 



considered that these cells not only are activated and have 
an increased proliferation rate, but also their cellular 
turnover through apoptosis is decreased, further contributing 
to the cellular accumulation and hyperplasia seen in 
rheumatoid arthritis fibroblast - like intimal synoviocytes . 
This could well be a feature of cells of the synoviocyte 
lineage. Several genes overexpressed in these cells and 
involved in the increased cytokine expression as well as in 
the regulation of cell proliferation and/or survival in the 
rheumatoid synovium provide clues to the regulation of 
hyperplasia. Among these genes, recent studies suggest that 
NF-kB has a key role in the regulation of synovial fibroblast 
apoptosis and gene expression (discussed below) . NF-kB is 
highly expressed in the rheumatoid synovium and synovial 
fibroblasts [128] , and its inhibition has been demonstrated 
to render these cells more susceptible to both TNF-a and FAS-L 
mediated apoptosis [129] . Furthermore, its inhibition greatly 
decreases IL-1, IL-6, TNF-a and VCAM-1 expression in both 
Streptococcal cell wall- and pristane- induced arthritis in 
rats, thus not only regulating local and systemic mediators 
of joint injury, but also decreasing the expression of 
critical molecules involved in homing of lymphocytes to the 
joint [129] . 

Proliferation and increased oncogene expression 

Whether these events found in hyperplastic synoviocytes in 
rheumatoid arthritis are specific, unique changes that lead 
to the joint destruction in this disease, or whether they are 
simply a reflection of the intrinsic hyperresponsiveness of 
these cells to signalling circuits remains to be established. 
Fibroblast-like intimal synoviocytes from rheumatoid arthritis 
and other inflammatory arthropaties survive and continue to 
proliferate after several passages in culture. These cells 
have increased expression of oncogenes and proteins involved 
in cell-cycle regulation, mitosis and production of growth 
factors and cytokines. This is a reflection of the intrinsic 
property of the fibroblast-like intimal synoviocytes . 
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Increased expression of some of these molecules, including a 
number of oncogenes, mediate cell proliferation and 
hyperplasia. Both autocrine and paracrine factors are involved 
in the regulation of these genes. Among the genes 
5 overexpressed in rheumatoid arthritis synovium and cultured 
synovial fibroblasts is egr-1 [131, 132] which regulates the 

transcription of ras and sis and is down- regulated by p53 . c- 

fos and c-jun regulate the transcription of IL-1, IL-6, TNF 

and MMPs, and both oncogenes have their expression increased 
10 in rheumatoid arthritis fibroblast - like synoviocytes [113, 
131, 133] . In fact, inhibition of c-fos reduced synovial 

fibroblast proliferation in culture [134] , and ameliorated 
y collagen- induced arthritis in mice [135] . C-myc [13, 28] , like 

U1 ras [28] , is sometimes highly expressed in fibroblast - like 

p 15 intimal synoviocytes. Ras is involved in the regulation of 

£ cathepsin L expression, a protease involved in cartilage 

fji degradation [28] . Additionally, H-ras point mutations of yet 

^* unknown significance have been recently described in 

fU rheumatoid arthritis and osteoarthritis synovium [136] . Other 

^ 2 0 oncogenes and proteins involved in cellular proliferation have 

p been identified in rheumatoid arthritis synovial fibroblasts 

B including PCNA, NOR [137] , c-sis/PDGF [138] . The question 

remains whether the primary defect is an abnormal 
proliferation that must occur through the well-known pathways 
25 involving oncogenes, or alternatively, if the fundamental 
defect in rheumatoid arthritis is altered oncogene expression 
with increased proliferation being a consequence. 

The expression of oncogenes and their down- stream regulatory 
30 functions in cellular replication and production of 
proteolytic enzymes like MMP, cathepsin and others is critical 
in the cartilage and bone damage caused by the infiltrating 
f ibroblast-like intimal synoviocytes. Additionally, these 
genes interact with several genes and gene products regulating 
35 apoptosis, however, little of those interactions have been 
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studied in the rheumatoid arthritis synovium. 
Anormalities in synovial apoptosis 

It has been suspected that not only the fibroblast - like 
5 intimal synoviocytes proliferation is increased, but also its 
longevity is increased, possibly due to defects in the 
regulation of apopotosis. Independent groups described 
abnormalities in apoptosis of rheumatoid arthritis fibroblast - 
like intimal synoviocytes, with increased number of apoptotic 

10 figures along the lining layer [13 9, 140] . Although increased 
numbers of apoptotic figures are seen in the fibroblast -like 
intimal synoviocytes, it is probably still an insufficient 
rate proportionally to the high rate of proliferation of those 
cells. The inbalance between proliferation and cell death, 

15 would lead to an increased accumulation of these cells [13 9, 
140] . Increased Fas expression was identified in the 
rheumatoid fibroblast -like intimal synoviocytes [139-141] . Mot 
only Fas was expressed, but also apoptosis could be induced 
with anti-Fas antibodies, demonstrating that Fas-mediated 

20 apoptosis pathway was preserved in these cells [139] . 

Subsequently, animal studies demonstrated that ant i- Fas 
antibodies significanty ameliorate arthritis in mice [142, 
143] raising the possibility of using pro-apoptotic strategies 
to eliminate the proliferating f ibroblast-like intimal 

25 synoviocytes. However, despite the apparent integrity of the 
Fas-mediated pathway in rheumatoid f ibroblast-like intimal 
synoviocytes, it was recently demonstrated that several pro- 
inflammatory molecules abundant in the rheumatoid synovium, 
like IL-1, IL-6, IL-8, TNFa, [144], and TGF- 3 [145], are 

3 0 capable of down -regulating Fas expression, thereby potentially 
preventing Fas-mediated apoptosis in vivo, and contributing 
to increased accumulation of the proliferating cells. 

Other genes involved in cellular proliferation and apoptosis 
35 have also been studied. Among those, p53 expression was 
increased in rheumatoid arthritis f ibroblast-like intimal 
synoviocytes by immunohistochemistry in synovial tissue and 
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in cultured cells [146] . Firestein et al hypothesized that the 
increased p53 expression could be secondary to increased 
numbers of somatic mutations in the synovial tissue caused by 
local injury, for example due to oxygen radicals, and possibly 
even mutations on p53 leading to an inefficient induction of 
apoptosis. These investigators identified somatic mutations 
on the p53 gene in 7 out of 15 rheumatoid arthritis patients 
synovial fibroblasts [147] . The same group subsequently 
demonstrated that inhibiting p53 function in rheumatoid 
arthritis and normal f ibroblast-like synoviocytes could change 
cellular survival, susceptibility to apoptosis and cartilage 
invasiveness [148] . However, it is not clear how often those 
mutations occur and whether a mutation rate of 1 to 100 or 1 
to 1000 synovial fibroblasts would still be biologically 
relevant. Despite the presence of p53 mutations, cancer does 
not develop in the rheumatoid arthritis synovium, perhaps due 
to the absence of other mutated genes required for cancer 
development, or maybe due to some unknown synovial protective 
factor [147] . Semaphorin may also play a role in view of its 
identity as a multidrug resistance element and possible role 
in tumorgenesis . [97, 98] 

An alternative mechanism of regulation of apoptosis is through 
TNF-mediated pathways. TNF-a is abundant in the joint, and 
activation of its receptors leads to increase levels of NF-kB, 
a transcription factor that is involved in the regulation of 
cellular proliferation which has an ant i-apoptot ic effect 
[14 9] . NF-kB is highly expressed in rheumatoid arthritis 
f ibroblast-like synoviocytes and inhibition of its activity 
with N-acetyl-L-cysteine dramatically reduced the rate of 
cellular proliferation in vitro [128] . Recently, Miagkov et 
al studying Streptococcal cell wall and pristane-induced 
arthritis in rats demonstrated that NF-kB is expressed early 
on during the development of arthritis, and that the 
inhibition of NF-kB rendered synovial fibroblasts susceptible 
to TNF and FAS-mediated apoptosis [129] . Interestingly enough, 
some of the drugs used to treat RA, like gold salts and 



glucocorticoids, have also been demonstrated to interfere with 
the NF-kB activity [150-152] , although it is not known how 
much of the effects of these drugs is due to an action on 
fibroblast - like intimal synoviocytes . 

Conflicting findings have been described regarding the 
expression of the ant i -apoptosis gene Bel -2 in rheumatoid 
arthritis synovial fibroblasts [140, 153, 154]. However, its 
expression appears to be upregulated by the same pro- 
inflammatory molecules present in the rheumatoid synovium that 
down-regulate Fas expression, thereby favoring an anti- 
apoptosis , pro -survival stimuli [144] . 

Strategies aiming at modifying the rheumatoid f ibroblast-like 
intimal synoviocytes cell turn-over, either by increasing 
f ibroblast-like intimal synoviocytes apoptosis or decreasing 
the cellular proliferation rate may prove helpful in managing 
RA, and the identification of such genes, and the better 
understanding of their function should lead to the development 
of new therapeutic agents. 

Cartilage injury 

The ultimate clinically relevant consequences of joint 
inflammation in rheumatoid arthritis are the pain, tenderness 
and loss of function of synovitis and the destruction of 
cartilage mediated by the synovial events. Cartilage injury 
likely proceeds by two distinct mechanisms. An indirect one 
in which cytokines released by the synovial lining cells and 
infiltrating mononuclear cells activate chondrocytes to a 
pattern of gene expression that results in remodeling and 
degradation of the cartilage matrix. For example, IL-1 
stimulates chondrocytes to release degradative enzymes [155, 
156] and a direct mechanism in which metalloproteinases and 
other enzymes released by the f ibroblast-like intimal 
synovicytes and perhaps the infiltrating monocytes directly 
act to digest the matrix [157, 158] . The junction between the 
hyperplastic synovium and the cartilage appears to be the 



principal site of interaction between these former biologic 
allies and members of the same lineage. Assessment of the 
rate and character of cartilage injury has been determined by 
measuring the fine structure of the products of proteoglycan 
fragmentation. The glycosaminoglycan rich region of the core 
protein predominates during the early phase of cartilage 
injury before there is significant damage evident on 
conventional radiographs [159] . Later when frank radiographic 
changes are evident, the joint fluid contains an abundance of 
hyaluronan binding domains and lesser amounts of the 
glycosaminoglycan rich region of the core protein. The fact 
that the disruption of the stromelysin- 1 (MMP-3) gene did not 
protect mice from developing cartilage destruction in CIA 
suggests that redundant or compensatory functions exist among 
MMPs or between MMPs and other genes [160] . 

Recent studies have demonstrated that some types of cartilage 
injury occur without the presence of T cells, likely 
reflecting the constitutive release of cytokines, such as IL- 
1, described above. In experimental models where rheumatoid 
arthritis synovial fibroblasts were implanted together with 
cartilage in SCID mice, cartilage erosions occurred despite 
the absence of T cells [161, 162] , suggesting that fibroblast - 
like intimal synoviocytes have the intrinsic potential to 
mediate this matrix remodeling. Additionally, H2- c-fos 

transgenic mice develop chronic arthritis, and the synovial 
proliferation and joint erosion occur in the absence of 
infiltrating lymphocytes in the synovium [163] . Scott et al 
[164] also demonstrated that the cartilage degradation 
depended on a critical fibroblast - like intimal synoviocytes- 
macrophage interaction which was IL-1, IL-6, TNFa and CD44 
dependent . 

It is very likely that the development of rheumatoid arthritis 
proceeds through a variety of stages from susceptibility 
through the development of autoreactive T cell clones to overt 
disease as shown in figure 11. In particular macrophages and 



fibroblast -like intimal synoviocytes may have a more important 
role in localizing the autoimmune process to joint and in its 
perpetuation, as discussed earlier. 

Genes regulating cellular functions at each one of these 
stages of disease development could be candidate 
susceptibility/severity genes and potential targets for 
therapy. One approach for additional gene discovery efforts 
could be the use of similar strategies used by our group [8, 
12, 13], or using hybridization membranes, SAGE [165] or 
cDNA/EST hybridization microarrays [166] to study fibroblast- 
like intimal synoviocytes gene expression in very early RA, 
or to study in a similar fashion macrophages or T cells 
derived from the synovium and compare gene expression patterns 
with normal, osteoarthritis or tissues obtained from patients 
with established RA. This kind of approach would shed 
additional light regarding the contribution of different genes 
products at each stage of disease. In fact, a similar strategy 
could be used to determine which genes down or up regulation 
are critical for clinical improvement and response to drug 
therapy. It was first postulated by Dayer et al [167] that the 
lymphocytic response which initiates the cascade of immune 
interactions and cytokine production by acting directly on the 
target fibroblast cells and indirectly on them by activating 
monocyte lineage cells to release additional cytokines. Thus 
T cells may be more involved in the early stages of disease, 
while in chronic stages the inflammatory drive would be more 
macrophage and f ibroblast-like intimal synoviocytes -dependent . 
[35, 168] . 

GENOMIC DISSECTION OF THE FIBROBLAST -LIKE INTIMAL SYNOVIOCYTES 
PHENOTYPE 

Some of the genes previously discussed may differentially 
regulate cellular functions at each one of these stages of 
disease development, they are assuming increasing importance 
as non-MHC genes involved in the definition of susceptibility. 
This is especially so in the context of the paradigm 
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underlying this chapter that distinguishes between an 
autoimmune response and the localization of the response to 
the joint that results in disease. Linkage studies have been 
done in both rheumatoid arthritis and in experimental models 
of arthritis in rodents to identify novel non-MHC genes. This 
type of analyses try to identify co- segregation between 
phenotype and genotype without prior knowledge of the trait 
causing/regulating genes. Linkage analysis is a powerful tool 
to identify new genes and new pathways involved in the 
regulation of a particular phenotype. Several susceptibility 
loci have been identified both in rodents and humans. It is 
not known which genes account for those susceptibility loci, 
however, several of them map to genomic regions containing 
some of the genes discussed herein (Table 4) . Therefore, some 
of these genes are candidate susceptibility genes. In fact, 
some may be involved in the regulation of disease severity as 
well [89, 169-171] (Dracheva et al unpublished observations) . 
How much of this differential gene expression is regulated at 
the germline genetic level versus being determined at the 
somatic level is unknown. 

Among those candidate genes, one of the genes differentially 
expressed (biglycan) is located in genomic intervals where a 
rheumatoid arthritis susceptibility locus has been mapped 
[172] (Table 4) . Additionally, 4 other differentially 
expressed genes (Semaphorin, VCAM-1, Lumican, Interferon - 
induced 71kd 2050 oligoadenylate synthetase) map to human 
chromosomal intervals syntenic with rat regions where loci 
regulating experimental animal erosive arthritis have been 
mapped [89, 170-172] , (Dracheva et al, unpublished 
observations) . 

For linkage analysis it is critical to have a well-defined 
phenotype to be mapped. Rheumatoid arthritis is a 
heterogeneous disease with manifestations that may vary from 
one patient to the other, creating potential confusing 
factors. Different clinical and laboratory manifestations may 
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be regulated by different genes. One approach that may 
facilitate the genetic dissection of rheumatoid arthritis is 
to study sub-phenotypes of the disease, like for example, 
whether allelic genes are responsible for particular elements 
5 in the distinctive f ibroblast-like intimal synoviocyte 
phenotype . For example, a certain gene may be more important 
to the capacity of a f ibroblast-like intimal synoviocytes to 
degrade cartilage than it is to the complete phenotype that 
is RA. By sub-phenotyping disease we may obtain more clean 
10 phenotypes and increased the likelihood of identifying 
linkage . 



CONCLUSION 

if) The synovial fibroblast, particularly the intimal cells, have 

U1 15 a central role in localizing the autoimmune response in 
rheumatoid arthritis to the joint, and further, that this role 
% i in the afferent arm of the development of autoimmune disease 

J; may be in part an extension of the normal function of these 

=■ stem- like cells seen during development, embryogenesis and in 

Q 2 0 normal synovial physiology. It was also proposed that part of 
g the differential gene expression seen in cultured rheumatoid 

arthritis synovial fibroblast is lineage-dependent and related 
to the initial proportion of intimal mesenchymal stem- like to 
subintimal cells in the biopsy or surgical specimens, with the 
25 differential expression representing increased number, or 
hyperplasia, of intimal cells. Thus much of the distinctive 
phenotype of cultured rheumatoid arthritis synoviocytes could 
be a combination of the intrinsic pattern of gene expression 
in this stem cell-like sublineage and its pattern of response 
30 to culture in vitro. The pattern of gene expression seen in 
the f ibroblast-like synoviocyte suggests that this cell may 
represent a form of less differentiated cell, closer to the 
mesenchymal stem-cell than to the typical fibroblast. 
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The synovial fibroblast gene products operate in an autocrine 
and paracrine pattern further favoring the programmed 
constitutive functions of this intriguing cell. However, it 
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is possible that among what we are considering as lineage 
differences there may be critical allelic differences 
governing gene expression that confer enhanced susceptibility 
for the development of rheumatoid arthritis. This possibility 
5 needs to be tested. Abnormalities in the expression of genes 
involved in the regulation of cell proliferation, like 
oncogenes, transcription factors critical for cytokine 
production and regulation of apoptosis, as well as other 
apoptosis regulatory genes, cytokines and chemokines could be 

10 a factor fostering either the afferent function of fibroblast- 
like intimal synoviocytes or their efferent effector function. 
Part of these abnormalities may relate to somatic mutations 
in the synovium, and part of this effect may be under germline 
genetic regulation. It was proposed that some of the genes 

15 regulating the f ibroblast-like intimal synoviocyte, in the 
presence of other genes required in the earlier stages in the 
development of autoimmunity, would culminate in disease. In 
fact, several of the genes differentially expressed in 
rheumatoid arthritis as compared to osteoarthritis fibroblast - 

2 0 like synoviocytes in culture are located in chromosomal 
regions previously described to contain arthritis 
susceptibility and severity regulatory genes. 

The combined study of gene expression, perhaps by cDNA 
25 microarray technologies, and function in synovial fibroblasts 
and linkage analysis may facilitate the gene discovery efforts 
in rheumatoid arthritis by creating simplified phenotypes, and 
the identification of these regulatory genes is likely to 
provide new targets for therapy as well as increase our 
30 understanding of the pathogenesis of arthritis. 
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